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| NTRODUCTI ON

Hydr opower devel opnent and operations in the Colunbia
Ri ver basin have caused the loss of 5 mllion to 11 mllion
salmonids. An interim goal of the Northwest Power Pl anning
Council is to reestablish these historical nunbers by
doubling the present runs from 2.5 mllion adult fish to 5.0
mllion adult fish. This increase in production will be
acconpl i shed through conprehensive managenent of both wld
and hatchery fish, but artificial propagation will play a
major role in the augnentation process. The current
husbandry techniques in existing hatcheries require
I mprovenents that may include changes in rearing densities,
addi tion of oxygen, renoval of excess nitrogen, and
I nprovenent in raceway design. Enphasis will be placed on
the ability to increase the nunber of fish released from
hatcheries that survive to return as adults.

Rearing density is one of the nost inportant elenents
in fish culture. Fish culturists have attenpted to rear
fish in hatchery ponds at densities that nost efficiently
use the rearing space avail able. Such efficiency studies
require a know edge of cost of rearing and the return of
adults to the fisheries and to the hatchery.

It is widely accepted that the limtations on surviva
I nposed by rearing densities are dependent upon oxygen

availability. The nodels of Wsters (1970), Liao (1971),



and Banks et al. (1979) are based on the Iimtations of
oxygen availability at various densities, tenperature, and
sizes of the fish being reared. In the past oxygen
limtations has been overcone by increased flow, but in
recent years, addition of oxygen to the raceways has becone
an acceptable alternative.

In spite of the acceptance of oxygen as the limting
factor in fish culture at the present time, there has been
little information on the relationship between oxygen
availability to cultured salnon and their subsequent
survival to adulthood after release. This project wll
extend that information by exam ning the effects of oxygen
suppl enentation in a surface water hatchery on the rearing
and survival of spring chinook sal non.

The first four years of the project exam ned the
operational aspects of the use of oxygen, the effects of
water quality on oxygen utilization, and overall quality of
fish reared at high densities with supplenental oxygen. Raw
data and prelimnary analyses for four years of juvenile
reari ng have already been described (Ewi ng and Sheahan 1990;
Ewi ng and Sheahan 1991; Ewi ng and Sheahan 1992; Ewi ng et.
al. 1993; Ewing et al. 1994). The next series of reports
will provide detailed analyses of water quality and growth
paraneters during the rearing years and will tabulate the
recovery of marked adults as they becone avail abl e.

The present report describes the results from analysis

of amoni um and nitrogenous waste production in experinental



raceways during the four years of experinental rearing. A

manuscri pt summari zing these analyses is being prepared for

publ i cati on. Because of the length of the present report, a
review of the abundant literature on nitrogen excretion in
salnonids will not be presented at this time but will be

included in a future report.



METHODS AND MATERI ALS

Fish Cul ture

Spring chinook salmon (Oncorhvnchus tshawtscha) adults

were collected at the Dexter holding ponds bel ow the Dexter
Dam 15 mles east of Eugene. The adults were hauled to
Wl anette Hatchery in Qakridge, Oregon, and were held in a
300 foot long by 15 feet w de excavated rock and earth pond
supplied with water from Salnon Creek at a flow of about
10,600 liters per mnute. Approximately 1600 adults were
hel d throughout the sumrer. Spawni ng occurred from

Sept enber through COctober and each egg-take was incubated
separately. Juveniles released in the fall of their first
year cane from the earliest egg-takes. The fish used for
this project were derived from|later spawnings in order not
to exceed the size desired at release. These fish were
ponded in groups by hatching dates.

Juvenile fish were taken randomy from different egg-
take groups and nmarked with adi pose-fin clips and coded-wire
tags. At the tinme of tagging (during the nonth of July)
they were introduced into experinmental raceways. Because of
the conplexity of the experinental design, the letters A
through G are used to designate the different test groups
(Table 1). Subscripts represent replicates. | deal
experinental conditions for each raceway are given in Table

2.



Table 1. Desi gnations and pond nunber for experinenta
ponds at WIlanette Hatchery.

Desi gnat i on Pond Characteristics

Aq 7 Normal density, no oxygen
suppl enent ati on

Aj 17 Replicate

Bq 6 Hal f density, no oxygen
suppl enent ati on

Bo 16 Replicate

Cq 8 Normal density, oxygen
suppl enent ati on

Cy 18 Replicate

D1 9 Triple density, oxygen
suppl enent ati on

Doy 19 Replicate

Eq 30N M chi gan system first pass, oxygen
suppl enent ati on

Eo 30s Replicate

Fq 20N M chi gan system second pass, oxygen
suppl enent ati on

Fp 20s Replicate

Gy 10s M chigan system third pass, oxygen

suppl enent ati on
Gy 10N Replicate
Table 2. Ideal characteristics of experinental ponds at

Wl lamette Hatchery®.

Nunber Fi nal Inflow Load Vol une Density

Goup of fish pounds gpm pounds/gpm ft3 pounds/fta
A 36, 000 3, 600 500 7.2 3,700 0.970
B 18, 000 1, 800 500 3.6 3,700 0. 486
C 36, 000 3, 600 500 7.2 3,700 0.970
D 108,000 10, 800 500 21. 6 3,700 2.919
E,F,G 54,000 5, 400 750 7.2 1, 850 2.919

4 Characteristics given are approximate and shoul d be
conpared with experinental nunbers provided in the Results

section.



Wien required, oxygen was added to the raceways through

seal ed contact colums (Wsters et. al., 1988)

Modi fications of the design to fit site-specific

requi rements were determ ned before experinental rearing
began (Fish Factory, 1990). No packing nedia or dispersion
pl ates were used in the colums. In raceways wth

suppl ement al oxygen, dissolved oxygen in the raceway

ef fluent was maintai ned at 100% of saturation. Oxygen flow
into the contact colum was increased or decreased nmanual ly
using a Brooks rotoneter.

Water flow into the ponds was adjusted by gate val ves
on the main water supply line to the hatchery. Fl ow was
neasured by exact neasurenments of the pond di nensions and
determining the length of tine required for a particular
flow to increase the depth of the raceway by one inch. An
inch of depth represented 920 gallons or 123 ft3. The tine
required for a flow of 500 gpmto increase the depth by 1
inch was then cal cul ated as (920/500)*60 or 110 seconds.

The error associated with a measurenment of this sort
concerns nostly the exact tine required to reach the 1 inch
mark on the pond wall. The general feeling from making the
nmeasurenments that the error was between 5 and 10% or 100-
| 20 seconds per inch of depth. Flows therefore could vary
bet ween 450 and 550 gpm for the raceways and 675-825 for the
M chi gan ponds.

Fl ows were measured as well with a sonic flow neter.

These flows were considerably different fromthe results



obt ai ned by neaasurenent of filling rate for the raceways.
However, the accuracy of the sonic flowreter depends upon

| am nar flow of clean water through a conpletely filled

pipe. Non-lam nar flow due the presence of elbows in the

pi pe, particulates in the water, and partial filling of the
inflow pipes may have resulted in the extrenme variability in
t he neasurenents. For these reasons, we tended to have nore
confidence in the neasurenents of pond filling than in the
use of the sonic flowreter and have used the val ues
presented in Table 2 for calcul ations.

Water tenperatures were recorded on a Tayl or
t her nogr aph. Precipitation was recorded by a Nationa
Cceani ¢ and Atnospheric Adm nistration weather observation
station |ocated at the hatchery.

Fish were fed Bi ovbist Feed from Bioproducts, Inc.
Warrenton, OR Feed was weighed daily for each pond and
recorded with the cunul ative amount of food per pond on a
daily feed sheet. Fish growth was programmed to neet
production goals based on historical nonthly weight gains.

Mortalities of both tagged and untagged fish were
enumerated and recorded weekly for each pond when the ponds
wer e cl eaned. Cunul ative nortalities were used to estimate
popul ati on sizes each nonth.

Sanpl e counts to determne fish per pound for the
singl e pass systens were taken at the end of each nonth by
crowding the fish. Variable nunber of sanple counts were

taken by hatchery personnel on nost nonths. G ab sanpl es



were obtained fromthe M chigan ponds. | n Sept enber,
Decenber, and February, ten sanple counts were perforned for
each raceway (Ewing et al. 1994), In the M chigan ponds,
grab sanples from various conpartnments were taken until ten
sanpl e counts were obtained.

Gowmh of the fish was calculated from pond counts from
t he equati on

Absol ute Change = wy - w3 (1)

wher e
wo = The average weight of fish at the end of the tine
peri od.
wy = The average weight of fish at the beginning of
the tinme period.

Average weight of fish at each tine period was multiplied by
the total nunber of fish in the pond as estinmated by pond
inventories to give the total kg of fish in each
experinental pond. These estimtes nmay be sonewhat greater
than the actual bionmass because a discrepancy in fina
bi omass was found between estinmates from pond inventories
and those by liberation truck displacenents. An unknown
anount of bird and mammal predati on was probably occuring

during the rearing (Ewi ng and Sheahan, 1991, 1992).

Wat er Chem stry

Water sanples were collected weekly during the rearing

peri ods for chinook salnon for the four years of the study.



Sanpl es were taken between 12:15 and 13:00, when initia
feeding of the fish was conpleted and one exchange of water
had taken place w thout the presence of human activities.

The water sanples were taken in the sanme order: inflowinto
Goup E, outflow from Goup E, outflow from Goup F, outflow
fromGoup G outflow from Goup D, outflow from Goup C,
outflow from Goup A outflow from Goup B, inflow from an

I ndoor rearing trough set up to record water tenperatures.

The pH was neasured at the sanple site using an Oion
pH nmeter nodel SA230 and an Orion conbination pH el ectrode.

Ammoni a anal ysis on the weekly sanples was done using
the phenate nmethod (Cesceri et al. 1989). The sanpl es and
standards were read at 630 nmusing a MIton Roy Spectronic
21 spectrophotoneter. Ammoni um concentrations in the inflow
were subtracted from the concentrations determned at the
ef fl uent.

A Royce System VI instrunment nonitoring system was
installed during the rearing season in 1992 to record the
diel changes in dissolved oxygen, tenperature and pH
Di ssol ved oxygen probes were placed at the inflow and
outflow of ponds designated A2, B2, C, D2, E, FH, 4.
Tenperature information was also collected at the sane
| ocations. A pH probe was installed at the inflow of pond
C to determne the pH of incomng water for pond A2, B2,

C2, and D2. One probe each was placed at the outflow of
ponds A2, B2, C2, and D2. In the Mchigan ponds (E, F, G a

pH probe was placed at the inflow of El, inflow of Fl,



inflow of G1, and outflow of Q. No differences were
observed between the outflow of one pond and the inflow of
the next pond in the series. Data was collected in 6
mnute, 30 mnute and 90 mnute intervals and was stored as
48 hour sanples, 10 day sanples, and 30 days sanpl es,
respectively.

Diel cycles of ammonia and urea production were
neasured on March 3-4, 1993, Septenber 7-8, 1993, Decenber
16-17, 1993, and February 27-28, 1994. Triplicate 5.0 n
sanples were taken from the inflow and outfl ow of the
experinental raceways at hourly intervals for a 30 hour
peri od. Sanpl es were capped, held at 4-6 C until sanpling
was conplete, then transported to Biotech Research and
Consulting in Corvallis, Oegon, for analysis.

Anmmoni um anal ysis on diel cycles was perfornmed by the
phenyl hypochl orite nethod of Zadojorny et al (1973).

Ammoni um concentrations in the inflow were subtracted from
the concentrations determned at the effluent. Urea was
neasured by addition of urease to duplicate water sanples 60
m nutes before the analysis of ammoni um concentrati ons.

Urea concentration was determned as the difference between
wat er sanples with and w thout urease incubation. Ur ease
contributed negligible amonium to the water sanple.

Nitrate and nitrite concentrations were determned for
influent water and were found to be negligible. No sanpling

of effluent for nitrite or nitrate was undertaken,
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To determ ne ammoni um and urea excretion rates, the
fish were assuned to be randomy distributed throughout the
vol unme of the pond. The concentration of the amoni um at
the inflow given in Appendix B is assuned to-be the
concentration in a 1 cm w de plane of water 6.1 m wi de and
0.9 m deep. This plane sweeps through the 24.4 m length of
the raceway, increasing in ammonium concentration from the
excretion of the fish as the plane passes. The vol une of
this plane is 54,900 cubic centinmeters or about 0.0549 m3.
Fl ow t hrough the raceways is 500 gpm or 1.89 m3 /minute.
Therefore, 34.4 of these planes form every mnute and pass
through the raceway at a velocity of about 20.6 mhr. Thi s
equates to a turnover of about 1.18 per hr.

Usi ng these calculations, the excretion of ammonium
occurs at the rate dCds, where C is the ammonium
concentration and s is the distance down the raceway.
Because the fish are assunmed to be uniformly distributed
t hroughout the raceway, the bionmass increases with distance
down the raceway at the rate of dB/ds, where B is biomass in
kilograns and s is distance down the raceway. The excretion
can therefore be calculated as dC/dB. To obtain a rate of
excretion, the velocity of the water nust al so be
consi der ed. Because the flow is considered for practical
purposes to be constant at 500 gpm or 1.18 turnovers/hr, the
ammoni um excretion rate can be expressed as:

AER = (dC/ dB)*1.18*60 @
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This equation was used to calculate both circannual and diel
changes in ammoni um excretion rates.

Changes in concentration were neasured by subtracting
amonium |l evel s of the effluent from those of incom ng water
(Appendi x B). Changes in biomass were determned from
estimates of popul ations by pond inventories and estimates
of weight per fish from pond counts. Raw data for these
cal cul ations are shown in Appendix A

Anmoni um | evel s in Bionpist feed were determ ned by
soaking 5.0 g sanples of feed in 200 mM of distilled water
Ammoni um was determined with time in 0.025 nm aliquots
diluted to 5.0 mM with distilled water. Measur enments were
made either with swirling every 30 seconds or w thout
sw rling.

Proxi mat e anal yses of feed sanples and fish were
performed by standard nethods from the Journal of the
Associ ation of Oficial Analytic Chem sts. Prot ei n was
determned by the method of Lowy et al. (1951). Fat was
determined gravinetrically after extraction of lipids with
chl orof ormi net hanol (3/1, v/v). Wat er content was
determined from the difference between wet weights and
wei ghts after drying for 24 hours at 105 C.  Ash weight was
determ ned after heating a known dry weight of material to
550 C for four hours.

Statistical analyses were performed according to Zar
(1984). Analysis of variance, analysis of covariance, and

Student's t tests were perforned when required. Li near

12



regression analysis was used when appropriate. Al tests

were perfornmed at the 95% confi dence | evel.
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RESULTS AND DI SCUSSI ON

Anal ysis of Gowh Rates

Cal cul ation of the nitrogen excretion rate from a pond of
fish requires a know edge of the biomass of the fish within the
pond. From previous experinments, an error of at |east 5% was
expected for each neasurnent of fish size at WIllanette Hatchery
(EwWing et al. 1994). This variation caused an irregular apparent
growh rate where the average size of fish at a particular nonth
was often snmaller than that of the previous nonth. Because of
this variation, it was deemed nore efficient to use regression
anal ysis of size estimates and calendar day to determ ne growh
rates. The equation for this relationship could then be used to
determ ne the biomass of fish in a pond at any particular date.

Estimates of fish size were nmade nonthly throughout the
rearing period fromJuly to March. Raw data for such estinmates
(Appendi x A) were derived from pond inventory sheets and from
previous reports. An exanple of the growh curve obtained from
these estimates is showmn in Fig. 1. G owh curves forned
bi phasic relationships, where growmh increased linearly until
Oct ober or Novenber when growth either ceased or continued to
increase at a very slowrate (Fig 1). Correlation coefficients
of relationships between estimated size and cal endar day
transformed to a rectangul ar hyperbola were never as high as

those obtained from the assunption of a biphasic relationship.
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Figure 1. Change in size (g) of juvenile chinook reared in

experinental group A2 at WIllanmette Hatchery, 1993-1994.
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The end point of rapid growh varied from year to year and group
to group, SO it was necessary to exam ne each curve before
performng regressions. The end point of rapid growh usually
occurred either in COctober or Novenber when the water tenperature
cool ed below 5°C. Gowth rates were therefore obtained from
regressions from August to Cctober or Novenber and from Qctober
or Novenber until release. These were expressed as total
kg/ pond/day (Table 3). These rates were then used to calcul ate
the nunber of kg of fish present in the raceways at any given
tine.

Gowth relationships between experinental groups of fish

will be analyzed nore thoroughly in future annual reports.

Anal ysi s of Anmonia Excretion

Ammonium lons in the Feed

Before true excretion rates could be determ ned for chinook
salmon, the extent to which amonium ions were introduced into
the raceway effluent fromthe feed was determ ned. A series of
experinents were perforned to determne the anount of amonium
ion in BioMist Feed and the rate at which it was liberated into
t he medi um

Soaking the feed in water released a yellow sh color which
interfered with the devel opnment of the phenyl hypochlorite
reaction. The absorbtion maxi num for an extract of the feed in

wat er was determned to be 298 nm In order to determ ne the

17



Tabl e 3. Increase in bionmass per raceway (kg/day) for
experinental raceways of chinook sal non estimated by |inear
regression of biphasic growh curves. Raw data for growth
estimates are included in Appendi x A

Year, Aug- - >Nov Nov- - >Mar

group 5
Sl ope Intercept R Sl ope | nt er cept R2

1990- 1991

Al 13.54 -2675.0 0.794 2.01 719.8 0. 757
Bl 7.58 -1486. 9 0. 803 2.41 -33.0 0. 648
c 12. 47 -2410. 3 0. 861 2.79 401. 8 0. 816
D 32.19 -6291.2 0.873 1.96 2875.5 0. 336
El 12.94 -2399.9 0. 899 1.64 950. 8 0. 635
FI 16. 58 -3181.9 0. 865 0. 40 1726. 6 0.030
d 18. 75 -3799.3 0. 847 0. 26 1712.7 0. 045
A2 12. 00 -2300. 2 0. 983 1.01 1038. 9 0. 359
B2 5.83 -1074.5 0.871 1.00 391.5 0.729
c2 11. 64 -2226.0 0. 893 2. 65 483. 9 0. 692
D2 30. 44 -5479.7 0. 831 3. 58 2773. 8 0. 194
E2 22.55 -4822.0 0.971 -2.04 2499. 1 0. 291
F2 17.52 -3432.9 0. 860 0. 36 1793.0 0.021
(€% 18. 22 -3642. 4 0. 850 1.30 1393. 2 0. 457
1991- 1992

Al 12.12 -2302.2 0. 992 1.99 819.9 0.878
Bl 5. 88 -1085.6 0. 9996 2.07 105. 2 0. 849
a 10. 85 -2055.8 0. 984 3.20 344.9 0. 849
D 28. 57 -5391.3 0. 993 6. 38 1486. 5 0.784
El 11.04 -1832.6 0. 963 0. 30 1648. 0 0. 005
Fl 12. 40 -2160.5 0. 985 3.08 742.9 0. 837
a 13. 47 -2464. 2 0.990 2.61 877.3 0. 841
A2 10. 26 -1839.6 0.990 3.59 165. 4 0. 862
B2 5.62 -1030. 3 0. 990 1.10 351.6 0. 527
c2 9.69 -1805. 8 0. 968 2.91 294. 3 0. 86
D2 23. 99 -4334. 6 0.989 7. 86 661. 4 0.878
E2 8.81 -1354.7 0. 993 3.33 353. 3 0. 801
F2 10. 82 -1805. 8 0. 959 4.56 193. 2 0. 806
& 12. 30 -2154.7 0.981 2. 66 1033.1 0. 390
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Table 3. (cont.)

Year, Aug- - >Nov Nov- - >Mar
group 2

Sl ope Intercept R Sl ope I nt er cept R2

1992- 1993

Al 12.51 -2253.9 0. 975 2.94 635. 3 0. 903
Bl 6. 22 -1099. 4 0. 994 1.20 430. 6 0.671
d 11. 84 -2122.5 0. 962 4.09 212.9 0. 899
D 34.05 -5972. 2 0. 986 6. 23 2615. 5 0. 483
El 17. 39 -3087.1 0. 952 -1.48 2736.1 0. 415
Fl 13. 66 -2272.0 0.988 2.48 1249. 2 0. 480
a 16. 65 -3019. 3 0. 9998 0. 89 1880. 8 0.074
A2 7.62 -1163. 7 0. 866 3.80 -176. 4 0. 787
B2 4.99 - 818.6 0.940 2.26 -20.6 0. 952
c2 12. 06 -2118.7 0. 985 3. 60 398. 2 0. 838
D2 33. 33 -5835.0 0998 5. 47 2705. 7 0. 892
E2 14. 60 -2545. 2 0.992 -0.51 2148. 6 0.101
F2 15. 04 -2643.1 0.978 2. 45 1269. 3 0. 347
(€] 14. 39 -2474.6 0. 989 2.70 1200. 8 0. 562
1993- 1994

Al 8. 03 -1474.5 0. 988 1.65 429. 3 0.601
Bl 4.74 - 901.9 0. 983 1.15 185.5 0. 962
c 9.59 -1855.0 0.973 1.52 608. 5 0. 502
D 24.52 -4740. 2 0. 968 3.38 1681. 4 0. 569
El 9.60 -1702.0 0.990 -2.42 2058. 9 0. 589
FI 12.01 -2198.9 0. 993 -1.35 1987. 8 0. 230
d 10. 76 -1981.1 0. 986 2.11 656. 0 0.413
A2 9.81 -1855.5 0. 993 -0.42 1259.1 0. 311
B2 6.35 -1266. 6 0. 939 0. 88 267.1 0. 829
c2 8.84 -1646. 3 0.971 0.90 770.9 0. 337
D2 27. 04 -5183. 4 0. 987 0. 20 3035.5 0. 006
E2 10. 24 -1798.1 0. 986 3.33 219.0 0.611
F2 11. 22 -2028. 2 0.973 2.85 457.1 0. 398
(€7 10. 97 -2037.0 0.984 2.01 676. 6 0.741

19



Figure 2. Esti mated amoni um content of Bi oMist Feed as a

function of dilution of the extract.
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anount of ammoniumion, it was necessary to dilute the extract by
varying amounts (Fig. 2). Because the concentration of inhibitor
was al so diluted, the nost accurate values were those that could
be diluted to the greatest extent without |loss in accuracy of the
spect rophot onet er readi ngs. The dilution used in nost cases
where the feed was stirred was /200 dilution. Using this
dilution, the .-level of ammniumion in feed was about 3.37 + 0.27
ng/g feed or about 0.34%

If the water containing the feed was agitated, the rel ease
of N4 into the water followed a nonlinear curve (Fig 3). Thi s
probably resulted fromthe swelling and loss of integrity of the
pellets with tinme of stirring. Initially, amoniumion was
rel eased rapidly, but the rate decreased with tine as snaller and
smal l er particles becane fragile and rel eased their ammoni um

The relationship was best described by the equation

|/ (my NHg/g food) = -0.61873 (1n (tine in mnutesj) + o0.914 (3

whi ch had an R? of 0.947 (Fig. 4).

If the water containing the food was not stirred, the rate
of release followed a biphasic line (Fig. 5). In the unstirred
sanples, the pellets imedi ately rel eased ammoni um ions from the
surface, then swelled upon soaking with water. The swelling
i berated nore amonium but the rate of liberation was limted
by diffusion. Therefore, after an initial release of amoni um
the rate of |iberation becane |inear. The rel ationship between

time and ammoni um rel ease could be described by two equations:
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Figure 3. Rel ease of ammoni um ions from Bi ovbist Feed with tine

when the sanple was stirred.
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Figure 4. Relationship between the natural log of the time of
stirring in mnutes and the reciprocal of the ng NH4 rel eased per

gram of Bi oMoi st Feed.
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Fi gure 5. Rel ease of anmonium ions from Bi oMist Feed with tine

when the sanple was not stirred.
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ng NH4/g food

0. 0053 (m nutes) + 0.0063 R2

0.876  (4)

ng NH4/ g food 0. 00066 (m nutes) + 0.0469 R

0.980 (5)

for the time interval fromO to 5 mnutes and from5 to 240
m nutes, respectively.

Wth these equations, it was possible to estimate the anount
of anmoni um introduced into the raceway during the feeding
pr ocess. However, a nunber of assunptions were required at this
poi nt, because we have no information on the extent to which the
food is eaten and the rate at which the pellets are broken up in
the raceway. It seenmed reasonable from the hydraulics of
raceways and M chigan ponds that the pellets were fragnented at a
slower rate in the raceways than in the M chigan ponds. Thi s
could be observed directly in the ponds after feeding. Uneat en
food could be seen on the bottom of raceways as intact pellets,
whil e uneaten food could rarely be seen on the bottom after
passi ng under several baffles in the M chigan ponds. It was
therefore assumed that the rates of ammonium ion release in the
M chi gan ponds approximated the rate of stirred sanples, while
the rate of release in raceways approxi mted that fromthe
unstirred sanpl es.

O her assunptions were: 1) Anmoni um | evel s do not vary
appreciably between bags of feed. 2) The fish are fed once
every two hours during the working day, or 5 tines a day. 3)
This procedure varies throughout the rearing season, depending on

tenperature, until winter when the fish are fed only twice a day
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at reduced levels. 4) The anobunt of feed fed to the fish was
divided evenly between feedings. 5 That the anmount of feed
eaten was 90% 6) The tine el apsed between feeding the fish and
their consunption of the food was about 10 seconds. 7) The
percent of feed eaten did not vary between feedings or'nonths.
The anount of feed fed to each pond was avail able through feeding
charts at the hatchery and is presented in Appendi x D

Each of the assunptions has sone variability associated with
t he nunber used. The nunber of feedings during warnmer nonths
depended upon the nunber of personnel available for feeding duty.
The nunber varied from3 to 8, although the nunber was biased
toward the upper end. Five feedings per day was a reasonabl e
estimate in late sumer and early fall because, during the
grom ng nmonths, the fish were reared as fast as possible. In
winter, feedings varied fromO to 2, depending on conditions. |If
the water was nuddy, the fish were not fed because they woul d not
eat and the feed was wasted.

Assunption 4 is probably fairly sound. The nunber of
kil ograns of fish was followed nonthly and the amount of feed to
be fed was cal cul ated ahead of tinme at 2-3% of body weight.
Consequently, it was possible to weigh out equal portions of the
feed to be fed during the day to reach the daily feed goal.

Assunptions 5 and 6 are nerely guesses. Fi sh were watched
during the feeding process to ensure that they were eating the
feed. \Wen they reached satiation, feeding was halted.
Satiation was determ ned by the reduced activity of the fish and

t he appearance of uneaten food pellets on the bottom of the
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raceway. The assunption is that these pellets represented 5-10%
of the total feed. This anobunt probably varies with the
perception of the feeder. The time required to consune the food
once it is introduced can be nmeasured in seconds. Fish usually
swar med about the area of feeding and rapidly consunmed any
particles that appear. The speed at which they consumed the
pel l ets probably varied with season and water tenperature but no
definite nmeasurements were avail abl e.

Assunption 7 is again a guess. It was assuned that between
feedings the fish again becane hungry enough to eat the next
portion of feed and the process described under assunption 4
occurred repeatedly during the day.

By making the above assunptions, it was possible to
cal culate the anount of ammonium ion introduced into the raceways
each day during feeding. This amount was cal culated in the
foll owi ng way: I f 50 pounds of food are fed to a raceway on a
particul ar day, then 10 pounds of food are fed at each feeding.
The total anmount of ammoniumin the feed at each feeding is equal
to 0.0034 x 10 x 454 or 15.44 g. This is released upon feeding
according to equations 7 and 8, such that ng NH./g feed produced
in the first 10 seconds is (0.0053 x 0.17) + 0.0063 or 0.0072
ng/ g feed. There are 10 x 454 or 4540 g of feed fed during the
feeding, so this results in 0.0072 x 4540 or 32.7 ng of NH4
released in the first 10 seconds. After this tine, 90% of the
feed is consuned and no |onger rel eases ammoni um (except inside
the fish). The remaining 10% or 454 g feed continues to rel ease

anmoni um In the raceways, this will release 0.0053 x 5 + 0.0063
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or 0.033 ng/g in the first 5 mnutes and at a rate of 0.00066
ng/ g/ mnute thereafter. For 454 g of feed, this is equivalent to
15.0 ng in the first five mnutes and 0.3 ng/mnute for the tine
after that.

Total volunme of each raceway is approximately 3700 cu ft or
104, 769 L. It is assuned that the feed is evenly distributed, so
in the first 10 seconds, 32.7 ng of NH4 is distributed throughout
104,769 L to give a concentration throughout the raceway of 0.31
ug/L- Flow in the raceway is 500 gpm or 1895 Lpm It takes
55.29 mnutes to flush the raceway conpletely, so turnover in the
raceway is 0.92/hour. Amoni um from the food is being discharged
fromthe raceway at a rate of 0.31 ug/L x 1895 L/min or 0.59
ng/ mn during the first mnute. In five mnutes, the feed has
di scharged 46.6 ng NH4 while losing 5.8 ng NH4 in the effluent.
Total NH4 content in the raceway is therefore (47.6 - 5.9) or
41.8 ng NH4. This would provide a concentration of 0.40 ug/L.
Changes in amoni um concentration in the raceway woul d
subsequently follow the curve shown in Fig. 6. A maxi mum | eve
woul d be reached in 10 mnutes, then the concentration woul d
slowy decrease with tine. For conparison, a second tinme course
of ammoni um concentration is shown that assumed that only 1% of
the food remained after 10 seconds. In the latter case, the
concentration in the raceway reached a nmaxi num after 10 seconds,
then slowy decreased as the ammoni um was swept from the pond.

How well do these calculations conformwith reality? The
assunption of 10 Ibs (4.54 kg) of feed per feeding is reasonable

for the ponds with high densities during the warnmer nonths
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Figure 6. Ammoni um concentration (ug/m) in raceways with tine
after feeding of 10 pounds of BioMoist feed, assum ng that 10%

(-g-) and 1% (-4 -) of the food renmi ned uneaten.
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(Appendi x D). The concentrations of anmmonium contributed by the
feed, however, is quite low conpared to that from excretion from
the fish. A simulation was made for anmoni um contribution from
feed on Septenber 7-8, 1993, during sanpling for diel changes in
ammoni um out put from group A Anmoni um excretion at this tine
was cyclic, the fish were growing rapidly, and |arge anounts of
feed were fed each day. Ammonium ions contributed from the feed
(cal cul ated as above) were subtracted from the neasured amoni um
concentrations at the outlet of group A° As indicated in Fig.

7., the contribution of ammonium ions fromthe feed was
negligible conpared to the excretion by the fish. A sinilar
sinmulation was perforned for group D (high rearing density) wth
simlar results. From these calculations, it was concluded that
a correction of measured anmonium levels in raceways for the

amount contributed by the feed was unnecessary.

G rcannual Changes in Amnmonia Excretion Rate (AER)

The phenyl hypochlorite nmethod for detection of anmonia in
wat er nmeasures the concentration of ionized amonia, referred to
from here on as ammonium  Amonia, or unionized amonia, wll be
used only to refer to the gas. This distinction was not clearly
made in our first four annual reports (BEwW ng and Sheahan 1991
1992; Ewing et al. 1993, 1994). In the tables in those reports,
ammoni um concentrations in the raceways were referred to as

"uni oni zed ammoni a" concentrati ons. As shown in a later section
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Figure 7. Measured ammoni um concentrations (ug/m) in the
effluent from group A on Septenber 7-8, 1993. Theoretica
ef fluent concentrations are shown for conparison, where the

amoni um ions contributed by the feed are subtracted.
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of this report, these concentrations are from 100 to 400-fold
hi gher than the estinmated ammoni a concentrati ons. " Anmroni a"
concentrations from previous annual reports are reproduced wth
the appropriate heading in Appendi x B.

Weekly sanpling of water from inflows and outfl ows of
experinental ponds provided a neans of determ ning the circannua
changes in amonium ion excretion from fish in experinental
ponds. Changes in ammonium ion concentration at the outflows of
raceways containing groups A, B, and D are shown for the four
rearing years (Fig. 8). Changes in anmonium i on concentrations
at the outflows of raceways in the M chigan pond series (groups
E, F, and G are also shown for the four rearing years (Fig. 9).

In general, ammonium production in all raceways decreased
with tinme. Ponds with the greatest rearing densities produced
t he highest anmonium ion concentrations in the effluent. In the
M chi gan series, anmonium concentration increased as the water
was recycled through the |ower ponds, so that fish in group F
were reared in higher ammoni um concentrations than those group E
and fish in group G were reared in higher amoni um concentrations
than those in group F.

In order to conpare changes in anmoni um excretion rates
during the rearing periods, it was necessary to conpensate for
the changes in biomass in the raceways with ti ne and the flow of
wat er through the raceways. The original data presented in
Appendi x B was recalculated as ng NH4/ hr/ kg fish. To make these
calculations, flow was considered to be constant at the levels

shown in Table 2. The anmpbunt of ammoni um i on produced per hour
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Figure 8.  Ammoni um concentrations (ng/L) at the effluent of
raceways containing experinental groups A B, and D for four

rearing years at Wllanette Hatchery.
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Figure 9.  Ammoni um concentrations (nmg/L) at the effluent of
raceways containing experinmental groups E, F, and G for four

rearing years at W/l lanmette Hatchery.
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was cal cul ated using the assunption that the sanples provided in
Appendi x B were representative of a plane of water exiting from
the experinmental raceways and that the ammonium ion was
distributed randomy within the plane. Kilogranms of fish at each
time of ammoni um neasurenent was determ ned by applying the
regressi on equations shown in Table 3.

Changes in ammoni um excretion rates (mg NH4/ hr/ kg fish)
(AERs) for raceways (Fig. 10) were sonewhat |ower than those for
M chigan ponds (Fig 11) but these relationships were hard to
quantify in their non-linear state. AERs were transformed to
provide linear relationships with calendar day for |inear
regression analysis. The best fit was obtained for the
rel ati onship between calendar day and In (AER (Fig 12). Sl opes
and intercepts for these relationships for the four years of the
experinent are shown in Table 4.

During the first year of rearing in 1990-1991, the
rel ati onship between AER and cal endar day was not significant in
five of the seven raceways neasured. Al so, slopes were al
significantly lower than in the follow ng years. Thi s was
probably due to problens with the devel opnent of the anmoni um
assay during the first year of sanpling. The data shoul d
therefore be considered suspect in further analyses.

The decreases in AER observed with cal endar day could be due
either to decreases in water tenperature, which becanme cool er as
wi nter approached, to increased size of the fish with ti nme, or
decreased phot operi od. These rel ationships were exam ned

further.
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Fi gure 10. Changes in AER with cal endar day for raceways

containing fish fromgroups A B, and D for four rearing years at

Wl anette Hatchery.
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Figure 11. Changes in AER with cal endar day for raceways
containing fish fromgroups E, F, and G for four rearing years at

Wl lamette Hatchery.
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Figure 12. Rel ati onship between cal endar day and In (AER) for
group A during rearing year 1993-1994 at W/l anette Hatchery.
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Tabl e 4. Regression analysis for the relationship between

cal endar day and In (ammoni um excretion rate). Val ues represent
data from August to March of each rearing year. * not
significant at the 95% confidence |evel

Year, Sl ope | nt er cept R2 N
group
1990- 1991

Al -0. 0034 2. 847 0.071* 28

Bl -0. 0045 2.189 0.197* 25

a -0. 0049 3.175 0.141%* 30

Di -0. 0050 3.383 0.144* 30

El -0. 0037 3. 067 0.121+% 28

FI -0. 0094 5.634 0.429 29

a -0. 0090 5. 425 0.414 29
1991- 1992

Al -0. 0106 5.713 0. 681 25

Bl -0.0100 5.554 0. 681 25

a -0.0135 6. 590 0.718 25

Di -0.0122 5. 930 0.717 25

El -0. 0093 5. 318 0. 681 25

Fl -0.0125 6. 853 0.813 25

a - 0. 0089 5.672 0.528 25

A2 -0. 0115 6. 084 0. 758 25

B2 -0.0122 6. 407 0. 681 25

c2 -0. 0147 6. 887 0. 746 24

D2 -0.0151 6. 995 0. 809 25

E2 - 0. 0065 4.555 0. 460 25

F2 -0.0161 8.083 0. 821 23

& - 0. 0095 5. 398 0. 359 24

50



Table 4. (cont.)
Year, Sl ope | nt er cept R2 N
group
1992- 1993
Al -0.0135 6.236 0. 698 27
Bl -0.0113 5.414 0. 499 26
c -0.0114 5.415 0.634 27
Di -0.0113 5. 485 0.767 27
El -0.0103 5. 230 0.634 25
Fl -0.0100 5. 398 0.516 25
a -0.0099 5. 396 0.401 25
A2 -0.0015 6. 322 0. 755 26
B2 -0.0135 6. 426 0.678 26
c2 -0. 0097 4.767 0. 657 25
D2 -0.0135 6. 185 0.770 26
E2 -0.0113 5. 957 0.711 27
F2 -0.0120 6.111 0.773 27
(€7 -0.0105 5. 587 0. 545 27
1993- 1994
Al -0.0135 6. 630 0. 658 26
Bl -0.0131 6. 554 0.674 23
d -0.0130 5. 862 0.570 22
Di -0.0148 6. 357 0.785 24
El -0.0116 5.940 0. 657 26
Fl -0.0134 6. 736 0. 666 25
a -0. 0127 6.410 0. 498 25
A2 -0.0136 6. 457 0. 608 26
B2 -0. 0086 5. 100 0.439 24
c2 -0.0130 6. 093 0. 660 25
D2 -0.0156 6.919 0.732 26
E2 -0.0106 5.770 0. 582 25
F2 -0.0116 6. 048 0.636 25
(€7 -0. 0167 7.489 0. 556 24

o1



Ef fect of WAter Tenperature on Anmoni um Excretion Rate

Water tenperatures decreased seasonally during the four
experinental rearing years (Fig 13). Amonium excretion rates
(AERs) decreased with falling tenperatures but the decreases were
not linear (Fig. 14). The best fit for regressions of water
tenperature vs AER was obtained if Arrhenius plots were used
(Fig. 15). Arrhenius (1889) proposed that tenperature influences
chem cal and biol ogical reactions according to the relationship
d(In k)/dT = A/RT?, where k is the reaction velocity, T is the
tenperature in degrees Kelvin, R is the gas constant (1.987
Cal /degree/nole) and A is a constant. \Wen integrated and
rearranged, the Arrhenius equation is

In k = -ART +ln C (6)
where C is a second constant. This equation describes the
i nfluence of tenperature on a variety of physiological process
fromthe reaction of nolecules in a test tube to the chirping of
crickets. Tenmperatures and AERs for individual groups were
transformed for use in the Arrhenius equations and the
rel ati onshi ps were subjected to linear regression analysis.
Sl opes and intercepts obtained from linear regression of In (AER
against |/ T are shown in Table 5.

Anal ysis of covariance was perfornmed to test whether slopes
of Arrhenius plots derived from each experinental pond were
different within rearing years. No significant differences in

sl opes were determned for rearing years 1990-1991, 1992-1993,
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Figure 13. \Water tenperatures at the inflow of experimental
raceways for rearing years at WIllanette Hatchery. A 1990- 1991
rearing period. B. 1991-1992 rearing period. C. 1992- 1993
rearing period. D 1993-1994 rearing period.
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Figure 14. Ammonium excretion rate (AER) as a function of
tenmperature in degrees Centigrade. The exanple shown is for

group D2 during rearing year 1993-1994.
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Fi gure 15. Rel ati onshi p between In (anmoni um excretion rate) and
[/T (in degrees K. The exanple shown is for group D2 during
rearing year 1993-1994.
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and 1993-1994 (Table 6). However, there were differences in
slopes in the rearing year 1991-1992. This can be discerned by
an inspection of the regressions in Table 5. G aphi ¢
illustration of the simlarity of these slopes during the four
rearing years is shown in Fig 16.

The el evations of each line were also tested by anal ysis of
covari ance. In each rearing year, there were significant
differences in elevations (Table 6). These results suggest that
al t hough the response of AER to tenperature change is simlar in
the different groups of fish (simlar slopes), the magnitude of
the response may vary with the treatnment of the fish

The effects of water tenmperature on AER for individual
experimental groups was al so exam ned between rearing years.
Results of analysis of covariance of Arrhenius plots for
i ndi vidual groups for rearing years 1991-1992, 1992-1993, and
1993-1994 (Table 7) indicated that no significant differences
between slopes for different rearing years was found in any of
t he groups except group C. Conversely, significant differences
in elevation were found between years for all groups except group
G Gaphic illustration of sone of these differences is shown in
Fig. 17, using simulated Arrhenius plots derived from the
equations in Table 5. Wien data from rearing year 1990-1991 were
included, the differences between slopes were al nost always
significant, reflecting the unusual slopes derived from data from
1990- 1991 (described above).

Average slopes for experinental groups during the three

experinental brood years (excluding 1990-1991) (Table 8) were
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Tabl e 5.

Regression anal ysis for

Arrhenius plots of

t he

reci procal of tenperature in degrees Kelvin and natural |og

of anmmoni um excretion rate. Values represent data from

August to March of rearing years 1990-1991, 1991-1992, 1992-

1993, and 1993-1994.

Year, Sl ope | nt er cept R2 N

group

1990- 1991
Al - 4819.0 18. 95 0.124 28
Bl - 5363.0 20. 89 0. 245 25
d - 6656. 2 25. 35 0.221 30
Dl - 5716. 1 22. 17 0. 158 30
El - 5594. 0 23. 24 0. 245 28
Fl -11807.0 44. 73 0.579 29
a -10327.1 39. 34 0. 447 29

1991- 1992
Al -17484. 4 64. 36 0. 797 25
Bl -14699. 9 54. 48 0.501 25
a -21743. 3 79. 40 0.796 25
Di -19055. 8 69. 61 0.742 25
El -14766. 1 54.73 0. 687 25
Fl -19806. 7 73.14 0.821 25
a -13768.6 51. 67 0. 505 25
A2 -17018. 3 62. 86 0. 884 25
B2 -19047. 3 70. 16 0. 885 25
c2 -21622.6 78.98 0. 854 24
D2 -21320. 4 77.92 0. 865 25
E2 - 8840.7 33.88 0. 452 25
F2 -21801. 3 80. 36 0. 765 23
(€7 -15353. 6 56. 89 0. 497 24
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Table 5. (cont.)
Year, Sl ope | nt er cept RZ N
group
1992- 1993
Al - 16505. 3 60. 73 0. 697 21
Bl -14840. 4 54. 63 0.528 20
c -13186.0 48. 75 0.619 21
D -15053. 7 55.43 0. 800 21
El -11462. 6 42.73 0. 386 19
FI -15268. 7 56. 32 0. 587 19
d -14804. 1 54.93 0. 607 19
A2 -19097.9 70. 11 0. 850 19
B2 -17463. 2 64. 33 0. 702 19
c2 -13003.1 47.97 0.708 18
D2 -18895. 7 69. 10 0. 801 19
B2 -13830.0 51. 60 0. 791 20
F2 -15294. 3 56. 70 0.834 20
(€7] -13492. 2 50. 24 0. 566 20
1993- 1994
Al -18059. 6 66. 86 0.749 26
Bl -18521.7 68. 50 0.786 23
d -15800. 9 58. 22 0. 567 22
D -18803.1 68. 87 0. 850 24
El -14872.5 55.41 0.693 26
FI -18795.1 69. 56 0.812 25
a -17345.2 64. 35 0.595 25
A2 -18628. 1 68. 62 0.741 26
B2 -12482.2 46. 92 0. 649 24
c2 -16396. 0 60. 52 0. 697 25
D2 -19825.7 72.74 0.770 26
E2 -14141. 4 52. 87 0. 665 25
F2 -14458. 6 53.98 0. 650 25
X -22201.9 81. 46 0. 697 24
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Tabl e 6. Results from analysis of covariance for Arrhenius

plots of the reciprocal of tenperature in degrees Kelvin and
natural [og of ammoni um excretion rate between experinental

raceways for single rearing years. Values represent

cal culations from data from August to March of rearing years
1990- 1991, 1991-1992, 1992-1993, and 1993-1994.

Year, Deg. Fr eed. F Fo.95
test
1990- 1991
Sl ope 6, 185 1. 477 2.15 N. S
El evation 7, 191 9.403 2.06 Sig.
1991- 1992
Sl ope 13, 318 35. 000 1.75 Sig.
El evation 14, 331 2.381 1.72 Sig.
1992- 1993
Sl ope 13, 241 0. 609 1.77 N S
El evation 14, 254 12. 190 1.74 Sig.
1993- 1994
Sl ope 13, 318 1. 249 1.75 N S
El evation 14, 331 3.178 1.72 Sig.
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Fi gure 16. Sinulated Arrhenius plots calculated from the data
shown in Table 5 for experinmental raceways during the four

rearing years at Wl lanette Hatchery.

63



In (AER)

12+ Rearing Year 1990-1991

o) T T v
0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038
1T

Rearing Year 1992-1993

0 v v - ¥
0.003 0.00310.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038
1T

In (AER)

Rearing Year 1991-1992

1T

Rearing Year 1993-1994

34
1

-1

~

T

Lm+ﬂ*m+o+m+>+‘l

0 v v v T T
0.003 0.00310.00320.00330.0034 0.00350.00380.0037 0.0038

ENERER)

0.003 0.00310.00320.0033 0.0034 00035 0.0036 0.0037 0.0038



Table 7. Results from anal ysis of covariance for Arrhenius
plots of the reciprocal of tenperature in degrees Kelvin and
natural log of ammonium excretion rate between rearing years
for individual experinental groups. Val ues represent

cal cul ations from data from August to March of each rearing
year.

G oup, Deg. Freed. F Fg .95
t est
Goup A
Sl ope 5 130 0.214 2.29 N. S.
El evati on 6, 135 4. 389 2. 06 Sig.
Goup B
Sl ope 5 124 1.195 2.29 N. S.
El evati on 6, 129 5.209 2.16 Sig.
Goup C
Sl ope 5, 123 2. 380 2.29 Sig.
El evati on 6, 128 2. 665 2. 17 Sig.
Goup D
Sl ope 5, 128 1. 058 2.29 N. S.
El evati on 6, 133 2.333 2. 17 Sig.
Goup E
Sl ope 5 126 1.428 2.29 N. S.
El evati on 6, 131 2.786 2.17 Sig.
Goup F
Sl ope 5 123 1. 846 2.29 N. S.
El evati on 6, 128 7.023 2.17 Sig.
Goup G
Sl ope 5 123 1. 052 2.29 N. S.
El evati on 6, 128 1.992 2.17 N S.
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Figure 17. Sinulated Arrhenius plots calculated from the data
shown in Table 5 to show changes in slopes for individual

experinmental raceways between rearing years.
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Tabl e 8. Results from analysis of covariance for Arrhenius
plots of the reciprocal of tenperature in degrees Kelvin and
natural |og of ammonium excretion rate between rearing years
for individual experinental groups. Val ues represent

cal culations from data from August to March of each rearing
year.

G oup Mean Sl ope Mean Sl ope Mean | ntercept
from ANCOVA from Table 5 from Table 5

A -17,202. 6 -17,799.0 65. 59

B -15,438. 2 -16,175. a 59. 84

C -a -16, 958. 7 62. 31

D -18, 465. 3 -18,825. 7 68. 95

E -13,817.3 -12,895.8 47. 81

F -18, 261. 8 -17,483. 7 64. 33

G -17,433. 3 -16,377.6 59. 69

“An average slope cannot be cal cul ated because slopes were
significantly different (Table 7).

68



cal cul ated by analysis of covariance and by sinple neans.

Gaphic illustration of these averages is presented in Fig. 18
Averages by sinple neans (Fig. 18B) showed little differentiation
bet ween raceways and M chigan ponds, whereas average slopes by
anal ysis of covariance showed a clear distinction between
relationships in raceways and in Mchigan ponds (Fig. 18A). o
these tw, the average slopes from analysis of covariance should
be considered the nobst accurate because they are derived from
actual data rather than neans of slopes from regression

equat i ons. These results suggest that there was a differential
responsi veness of AER to tenperature between the raceways and the

M chi gan ponds.

Effect of Fish Size on AER

The relatively high values for rRZ for the relationships

bet ween AER and water tenperature shown in Table 5 indicate that
60-80% of the variation in AER during the year could be explained
from changes in water tenperature. Unfortunately, in a hatchery
situation, many other variable are correlated to but not
necessarily caused by water tenperature. For exanple, fish also
increased in size with tine of rearing. Wiile growth of the fish
was related to water tenperature, a decrease in AER with

i ncreased size could also account for some of the apparent drop

in AER with season.
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Fi gure 18. Sinul ated Arrhenius plots using nmean slopes for the
relati onship between In (AER) and |/T for different experinenta
groups during the four rearing years at WIllanette Hatchery. A
Mean sl opes derived from analysis of covariance. B. Mean sl opes

derived from sinple averages of the slopes shown in Table 5.
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It was not possible to exam ne the changes in AER in
relation to growmh in the present hatchery experinents.
Regressi ons would show a negative relationship, but this nost
li kely was caused by changes in water tenperature, which tended
to cool as the season progressed. The effects of size, and growth
on AER were instead addressed by |aboratory experinments where the
AERs of different sizes of fish could be neasured at simlar
ti mes and tenperatures. Unfortunately, |aboratory juvenile
chi nook sal non were unavail able for use when this question arose.
However, an experiment with juvenile coho salnmon reared in the
| aboratory permtted a partial answer to this question. Resul ts

from these experinents are described at the end of this report.

Estimati on of Popul ation Size by Ammoni um Excretion Rate

If it is assunmed that size has little effect on ammoni um
excretion rate, or if the size at the fish at the tine of
neasurenent is held relatively constant, it is possible to use
the equations derived fromthe Arrhenius plots to determne
popul ati on size in the raceways. Nearly 80% of the variation in
AER during the year can be ascribed to changes in tenperature so
the cal cul ati ons beconme nore sinplified.

For these calculations, the average slopes and intercepts
derived from ANCOVA cal culations for groups A B, and D for three
rearing years were used. It can be seen in Fig. 18 that the
average slopes for these three ponds were very simlar for

rearing years 1991-1992, 1992-1993, and 1993-1994. The average
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slope for these three groups was -17,035, while the average
intercept was 64.8. The equation for calculation of AER
t heref ore becones:

In(AER) = (-17,035*1/T) + 64.8 (7)
or

AER = exp ((-17,035*1/T) + 64.38) (8)
where AER is the ammoni um excretion rate in ng NH4/ hr/ kg fish.

By rearrangenent:

kg fish = (ng NH4/hr)/(exp ((-17,035*1/T) + 64.8) (9)
But
popul ati on nunber (N) = kg fish * (fish/kg) (10)
Ther ef or e,
N = ((ng NH4/hr)/(exp ((-17,035*1/T) + 64.8)))*(fish/kg) (1)

The first term nmg N/ hr can be determ ned by the
concentration of NH4 at the effluent in ng/L and the current flow
in L/hr. The remaining variables are water tenperature in
degrees Kelvin and fish/kg determ ned from pond counts.

Exanpl es of estinated popul ations at rel ease using these
calculations are presented in Table.9. The popul ati on nunbers
derived from amoni um excretion vary w dely around the nunber
derived from inventories. In general, group B tended to be
overestimated, while group D tended to be underesti nmated. Thi s
suggests a density factor may be inportant in these neasurenents.
Wiile the variation for estimates in Table 9 are too great to be

of practical use, a nunber of factors could reduce the error
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Tabl e 9.

excretion rates.

Cal cul ati ons of

the tinme of

| i berati on trucks.

rel ease for

popul ati on nunbers using anmoni um

Popul ati on nunbers were cal cul ated near

conparison to popul ati on nunbers
derived from pond inventories and water

di spl acenents in

Year, Fish/kg Pop. from Pop. from Calculated Percent
pond Inventory Lib. Truck Population of I|nvent
Popul ati on
1992
A 22.90 39, 330 38, 881 47, 650 121.2
A2 23.28 39,728 38, 511 34, 985 88.1
BI 19. 89 20, 538 19, 345 22,993 112.0
B2 22. 57 20, 037 21, 546 20, 873 104.2
Dl 27.04 118, 763 113, 436 118, 780 100.0
D2 29. 28 118, 656 120, 854 77,849 65. 7
Aver age 98.5 + 8.0
1993
Al 20. 4 39, 235 37,014 23, 957 61.1
A2 20.9 39, 224 36, 480 45, 582 116.2
Bl 19.9 19, 788 17,792 23, 370 118.1
B2 21. 1 19, 663 19, 968 31, 859 162.0
D 20.7 118,121 101, 943 55, 564 47.0
D2 21.2 119, 008 105, 792 60, 463 50. 8
Average 92.5 + 19.0
1994
Al 34.9 39, 364 38, 955 69, 876 177.5
A2 33.1 39, 273 36, 525 45, 765 116.5
Bl 29.7 19, 950 17, 550 41, 625 208. 6
B2 28. 6 19, 759 17, 550 21, 969 111.2
Dl 37.4 116, 264 116, 110 44, 929 38.6
D2 35.7 116, 180 108, 378 65, 814 56. 6
Average 18.2 + 27.0
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consi derably: 1) Only single sanples for anmoni um anal yses were
taken during routine nonitoring. These tend to vary considerable
between replicates, especially if the ponds are dirty. A mninum
of 5 replicates should be run if these nunbers are to be used for
popul ati on estinmates. 2) Tenperature data in 1993 were not
avail able, so rough estimates of tenperature were used. 3) It
was not known whether the fish were fasted during the period in
1992 rearing when the anmmoni um sanpl es were taken. The extent of
feeding will influence the ammoni um excretion considerably.

If it were possible to nake estinmates of fish popul ations
t hrough netabolic paraneters, this would alleviate sone of the
handl i ng stress involved in determ ning popul ation nunbers,
especially in populations that need not be transported in
| i beration trucks. However, this nmethod would require know edge
of water tenperatures, flows, and fish size. At the nonent, the

nmet hod | ooks prom sing enough to suggest further refinenent.

Di el Changes in Ammoni um Excretion Rate

Ammoni um ion excretion in chinook salnmon followed a diel
pattern simlar to that shown in the exanple for group A2 for
Sept enber 7-8, 1993 (Fig. 19). Maxi mum excretion occurred from
1600 to 1900 hours in late afternoon and eveni ng when water
tenperatures were highest. M ni mum excretion occurred from 600
to 1000 hours in the norning when water tenperatures were |owest.

The spi ked appearance of the curve suggested increased ammoni um
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Fi gure 109. D el changes in ammoni um concentrations at the
effluent end of the raceway containing chinook salnon from group
A2. Measurenents were taken in Septenber 1993. Tenperature is
represented by asterisks. Arrows show approximte tines of

f eedi ng.
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excretion near time of feeding, although there was not a well-
defined correspondence. The present experinments were not
designed to determ ne the effects of feeding on AER

Determ nation of these effects have been acconplished in

| aboratory studies (Rychly 1980; Beam sh and Thomas 1984, M ng
1985; Kaushi k and Gones 1988; Kaushi k and Cowey 1991)

Diel changes in effluent amoni um concentrations were
observed in raceways (Fig. 20) and Mchigan ponds (Fig. 21) in
Sept enber, Decenber, March, and February. In February 1994, the
fish had been starved for three days prior to sanpling. The
effluent concentrations of amonium ions were found to be much
| ower and consequently results were not conparable to the other
three tinme periods. Urea excretion, however, was increased in
these fish (see later section). In each instance, the maximum
amoni um concentration in the effluent was reached at about 1600
hours regardl ess of the changes in water tenperature.

Diel changes in AERs were calculated for raceways (Fig. 22)

and M chigan ponds (Fig. 23) for Septenber, Decenber, March and

February. In raceways, all groups seemto follow simlar diel
cycles in Septenber and Decenber. No real cycle was apparent in
February or March. In Septenber, group D seened to have the

hi ghest excretion rate. None of the groups was consistently

| ower than the others. In Decenber and March, group B seened to
have the highest rate while group C seened to have the | owest.

In M chigan ponds, there was considerable variation in val ues
and cyclic changes were not as apparent as in the ammoni um

concentrations of the effluent water. In Septenber, group E
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Fi gure 20. Diel changes in amonium concentration (ug/m) at the
effluent from ponds containing groups A2 (-#-), B2 (-(3-), and
D2 (-A -) in September 1993, Decenber 1993, March 1993, and
February 1994. \Water tenperatures (- ¥-) are also shown for

Sept enber 1993, Decenber 1993, and February 1994.
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Fi gure 21. Diel changes in ammonium concentration (ug/m) at the
effluent from ponds containing groups E (-®-), F1 (-11-), and
Gl (-4 -) in Septenber 1993, Decenber 1993, March 1993, and
February 1994. \Water tenperatures (-%-) are also shown for

Sept enber 1993, Decenber 1993, and February 1994.
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Fi gure 22. D el changes in anmonium excretion rates (ug
NH4/ hr/ kg fish) in ponds containing groups A2 (-&-), B2 (-a-),
and D2 (-4 -) in Septenber 1993, Decenber 1993, March 1993, and

February 1994.
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Fi gure 23. Di el changes in anmoni um excretion rates (ug
NH4/ hr/ kg fish) in ponds containing groups E (-®-), F1 (-0 -),
and A (-4 -) in Septenber 1993, Decenber 1993, March 1993, and

February 1994.
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seened to have the lowest rate while group G had the highest
rate. By Decenber, this difference was |ost, although in Mrch
there was again a tendency for the rate in group E to be the

| onest

A rigorous test for statistical differences between the
curves required transformations of the data to generate straight
l'i nes. This could not be done using diel hours because the
curves did not follow the sinusoidal curve expected from a purely
di ei rhythns.

The influence of tenperature was examined in relation to the
diel cycles in AER using data from the continuous nonitoring
system  Tenperatures fluctuated greatest in Septenber (Fig 24)
with a maxi mum water tenperature of 16 C and a mnimum of 12 C
Simlarly, tenperatures during the February sanpling reach a
maxi mum of about 6.6°C at 1800 hours and a m ni num of about 5.8°C
at 1000 hours. The shape of these curves was nearly sinusoidal,
but other water tenperature curves from Decenber and March showed
decreasi ng trends.

Ammoni um excretion rates were transformed to Arrhenius
plots, where the reciprocal of tenperature in degrees Kelvin was
plotted against the natural |log of AER  Regression equations and
coefficients are presented in Table 10. Regression coefficients
in nost cases in Septenber and March were |ow but the regressions
were significantly different from zero. Mst of the regression
coefficients from sanples from Decenber and February showed that
the relationships were not significantly different from zero.

The reason for the |ow regression coefficients could be
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Fi gure 24. Wat er tenperatures during diel neasurenents of
anmoni um concentrations in experinmental ponds at WIllanette
Hatchery. A Sept enber 1993. B. Decenber 1993. C Mar ch
1993. D February 1994.
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Tabl e 10. Regression analysis for Arrhenius plots of the
reci procal of tenperature in degrees Kelvin and natural |og
of ammoni um excretion rate. Values represent data from diel
changes in AER and tenperature for 24-30 hour periods in
Sept enber 1993, Decenber 1993, March 1993, and February

1994. Val ues marked with an asterisk are significant at the
95% | evel

Mont h, Sl ope | nt er cept R2 N
group

Sept enber 1993

A2 -38699. 3 137. 05 0. 546* 27
B2 -32058. 2 113.53 0. 196* 25
c2 -52287.6 184. 45 0. 635* 26
D2 -26489. 3 95. 07 0. 491* 27
El -50977.5 179. 95 0. 402* 25
FI -29452. 6 105. 72 0. 450* 23
a - 34060. 3 122. 29 0. 464* 27
Decenber 1993
A2 -17219.8 63. 17 0.077 29
B2 26055. 3 -92.96 0. 054 28
c2 -35536. 6 128. 71 0.123 28
D2 -15186.5 55. 54 0. 048 29
El -26696.0 97.98 0.068 29
Fl -22992. 8 84.54 0.129 25
a - 1457.0 6. 89 0. 0001 26
March 1993
A2 -29134.1 105. 83 0. 357* 29
B2 -51027.7 184. 85 0. 496* 29
c2 -14669. 3 53. 59 0. 047 29
D2 -23227. 4 84. 35 0. 352* 29
El -36760.5 133.75 0. 588* 29
FI -37107.9 135. 16 0. 546* 28
a -36509. 6 132. 90 0. 348* 29
February 1994
A2 69389. 7 -248.55 0. 143 22
B2 - 8196.0 29.52 0.001 22
c2 47190.5 -168. 62 0.094 22
D2 41033. 6 -146. 92 0.131 24
El 77274.5 -276. 16 0. 236* 24
FI -25592.0 92.45 0. 051 24
d -41257. 2 148. 37 0. 030 24

90



Fi gure 25. Rel ati onship of AER to water tenperature for fish in
group D2 neasured in Septenber 1993. Arrows show the progression
of AERs and tenperature during a 30-hour period. | ncreasi ng AERs
and tenperatures occurred during the daytinme when the fish were
active, while decreasing AERs and tenperatures occurred at night

when the fish were quiescent.
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illustrated with AERs from group D2 neasured in Septenber. Wen
pl otted against water tenperature (Fig. 25), a cycle of changes
in AER was found, where AERs |leading up to the maxinmm
tenperature were greater than those |eading down from the maximum
t enperat ure. This could be explained by the activity of the fish
and the tenperature of the water. Maxi mum water tenperature in
Sept enber occurred at about 1800 hours (Fig. 24), at the end of
feeding in the evening. During the day, when the fish were
active with feeding, the AER was greater at a particul ar
tenperature than in the evening and night when the fish were

qui escent . Wien the AERs were divided into active phases and

qui escent phases and transfornmed to Arrhenius plots (Table II),
the correlation coefficients were much higher for the active
phase, suggesting a strong relationship between AER and water
tenperature during active feeding. Correlation coefficients were
| ower but significant for the quiescent phase (Table 11),

probably because the AERs in the evening and night seenmed to be
bi phasi c. There was a rapid.decrease in AER from 1800 to 2200
hours, then a relatively flat AER from 2200 hours to 0700 hours
the next day (Fig. 25). Al groups except @ followed this
pattern. In group @, the AER was much greater and the quiescent
phase was simlar to the active phase (Fig. 26). Thi s suggests
that fish in this group were nore netabolically active, even
during the qui escent phase. Bacterial degradation of waste may
al so have contributed a portion of ammonium to the effluent,

al t hough the ponds were kept relatively clean by the flushing

action provided by the baffles (Boerson and Westers 1988).
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Table 11. Regression analysis for Arrhenius plots of the
reci procal of tenperature in degrees Kelvin and natural |og
of ammoni um excretion rate during active hours (0700 to 1900
hours) and qui escent hours (1900 to 0700 hours). Val ues
represent data from diel changes in AER and tenperature for
24-30 hour periods in Septenber 1993. Values nmarked with
asterisks are significant at the 95% | evel.

G oup Sl ope | nt er cept R2 N

Active Period

A2 - 26356. 6 97. 46 0. 810* 11
B2 -23801.9 85. 54 0. 720* 11
c2 -51549. 0 182. 15 0. 925* 10
D2 -21560. 8 78. 23 0. 849* 11
El -58978. 6 207. 82 0. 805" 10
Fl -18061. 8 66. 39 0. 599* 11
d -27878.9 83. 24 0. 288* 12
Qui escent Peri od
A2 -42727. 3 150. 89 0. 644* 16
B2 -30296. 4 106. 85 0.178 15
c2 -46507. 3 164. 11 0. 520* 17
D2 -26334.0 94. 33 0.573* 17
El -46124. 4 163. 03 0. 272* 16
FI -28069. 0 101. 32 0. 450* 13
d -44205. 6 157.72 0. 633 16
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Fi gure 26. Rel ationship of AER to water tenperature for fish in

group @ neasured in Septenber 1993.
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Regressions for Arrhenius plots in Decenber, February, and
March were nostly not significant from zero (Table 10). I n many
cases this resulted fromlittle change in tenperature but a
cyclic change in ammoni um excretion during feeding. AERs for
these times were nmuch |ower than those observed for fish in

Sept enber when the water was warner.

Effects of Rearing Density on AER

Anmoni um concentration of the effluent from experinenta
raceways increased with increased rearing density of the ponds
(Ewi ng and Sheahan, 1992, Ewing et al. 1993, 1994). Wile this
result was inportant for the well-being of the fish in the
various groups, it did not address the question of whether
rearing density affected the anmoni um excretion rate per kg fish
(AER). To examine the effect of density on AER an arbitrary
date at about the 15th of each nonth was selected. AERs were
calculated for those particular dates (Table 12). Differences
bet ween the groups were tested by analysis of variance but the
results indicated no significant difference between groups (Table
13), even though both rearing densities and individual AERs
varied considerably (Table 12). Since analysis of variance
conpares the internal variation with the variation between
groups, the large variation within a group probably rendered the
test insensitive to changes between groups.

A better test of the differences in AER between groups was

provided from the study of the diel cycles of ammoni um excretion.
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Table 11 (cont.).

Amnoniun Excretion Rates (ug NW/hr/kg fish)

Rearing year, Al A2 Bl B2 cl c2 DI D2 El E2 Fl F2 Gl G2

date

11/17 5.03 6.9.5 4.46 7.87 8.31 1.66 12.60

11/19 3.49 8.00 2.18 2.79 4.30 5.79 2.46
12/08 2.77 6.74 4.22 2.87 5.36 3.25 15.61

12/10 4.66 4.50 2.08 3.46 6.05 4.84 7.19
01/19 1.29 3.82 1.28 1.82 2.36 5.42 0.77

01/21 3.20 2.67 3.18 5.19 4.37 1.54 6.84
02/16 6.16 2.46 4.20 2.41 6.42 5.25 9.11

02/18 1.71 2.49 1.81 1.14 4.40 3.73 2.94

1993-1994

08/17 58.14 48.24 32.34 24.04 42.85 58.63 66.62
08/19 32.47 16.54 28.17 34.36  35.80 37.75 72.91

09/14 30.51 35.39 14.67 17.93 26.27 13.77 21.49
09/16 23.24 21.08 21.25 12.50 28.31 31.80 23.36

10/14 18.76 21.83 10.13 18.35 14.46 35.19 27.48

10/19 12.14 7.00 7.14 6.52 14.19 8.12 18.83
11/16 10.68 12.31 6.22 5.75 7.94 8.70 1.29
11718 5.06 8.25 6.42 1.83 5.34 9.89 2.55

12/14 6.79 7.76 3.99 3.97 0.00 11.75 6.20
12/16 5.11 11.84 1.05 2.93 5.64 6.76 7.33

ol/1 4.33 10.33 15.16 6.14 12.75 6.69 13.11
01/13 10.33 15.16 6.14 3.85 4.47 6.92 21.14

02/15 10.27 12.10 3.69 2.22 8.59 8.38 6.82
02/17 9.43 9.01 5.97 4.37 8.05 13.11 7.82



Table 12. Ammonium excretion rates (ug NH4i/hr/kg fish) for the fourteen experimental groups of chinook salmon calculated at the middie of month of rearing.

Ammonium Excretion Rates (ug NH4/hr/kg fish)

Rearing year, Al A2 81 B2 c1 c2 D1 D2 E1 E2 F1 F2 G1 G2
date

1990-1991

08/19 17.10 16.77 14.12 21.27 19.83 59.08 55.7
09/16 6.73 7.06 5.47 3.28 5.31 19.65 9.51

10714 9.29 9.81 5.77 4.58 5.14 10.71 17.04

1M/ 11.74 7.82 5.31 8.78 8.95 14.73 11.40

12/16 5.58 4.20 6.58 7.66 8.95 13.7 6.62

01720 4.56 0.00 3.85 2.51 4.32 7.26 9.41

02/17 8.06 5.92 10.23 8.95 10.49 20.74 9.37

1991- 1992

08/20 37.10 32.98 12.04 44.78 26.48 40.29 23.34 36.26 34.56 36.60 77.34 116.17 50.52 35.94
09/17 10.72 27.44 18.01 42.20 14.86 16.35 16.18 17.93 16.43 9.10 38.53 25.38 31.19 27.77
10715 14.22 14.13 24.% 11.48 16.85 12.58 17.45 11.82 12.55 7.15 22.79 28.39 27.44 1.22
11719 6.21 10.27 1.46 9.66 13.16 3.68 6.40 6.02 7.82 9.52 13.72 22.46 7.9 9.91
12/10 11.3% 6.93 3.92 4.01 11.69 14.17 17.25

12747 3.98 4.63 4.31 4.31 10.06 4.74 8.67
01714 2.89 5.21 5.11 7.42 2.92 5.70 2.9 2.81 4.84 5.28 8.04 6.21 8.22 7.53
02/11 12.55 9.09 11.99 11.41 8.28 6.92 10.58 6.77 13.50 7.98 12.81 3.33 21.08 1291
1992-1993

08/25 39.29 29.79 34.27 29.33 -- -- --

08727 46.19 45.09 16.11 31.54 33.76 33.50 62.76
09/15 20.75 13.32 12.03 13.98 10.84 18.86 5.27
09/17 22.27 26.17 12.29 11.25 20.43 18.83 25.60
10713 13.61% 18.22 12.47 11.97 10.76 13.45 11.683

10715 13.15 14.40 8.31 11.68 15.27 6.00 17.22



Tabl e 13. Results from analysis of variance for

experinmental raceways for single rearing years.

calculated from the data shown in Table 12.

Year Deg. Fr eed. F FO. 95
1990- 1991 6, 42 1.963 2.34
1991- 1992
Series 1 6 42 1.556 2.34
Series 2 6, 42 0.741 2.34
1992- 1993
Series 1 6 42 0. 216 2.34
Series 2 6 42 0. 485 2.34
1993- 1994
Series 1 6, 42 0.475 2.34
Series 2 6, 42 0.735 2.34

100

amroni um
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While the sanpling was not designed to be tested statistically
(replicate ponds were not sanpled), graphic analysis of the total
anount of anmoni um excreted over a 24-hour period clearly showed
di fferences between ponds (Fig. 27). When excretion rates were
corrected for the kg of fish in each raceway, results indicated
(Fig. 28) that the fish in the second and third passes of the
M chi gan ponds excreted ammoni um at nuch greater rates than those
fromthe raceways. In group D of the raceways (triple density),
excretion was rmuch higher than that of the other raceways. The
fish reared at higher densities seened to respond to elevated
average concentrations of ammonium in the raceways (Fig. 29).
Thus, anmoni um excretion rates in the first pass of the M chigan
ponds (group E) was simlar to that from the raceways (groups A,
B, and O, whereas the AER from the second pass (group F), which
experienced the conbined excretion of groups E and F, had
excretion rates much higher than that of group E. AERs wer e
hi ghest in the third pass Mchigan pond (group G, where the
waste fromall three groups (groups E, F. and G had accunul at ed.
When AERs were plotted against |load (kg/Lpm of the fish in
each of the groups (Fig. 30), a correlation coefficient (R?) of
0. 337 was obt ai ned. Because AER was cal cul ated using the nunber
of kg of fish per raceway, it was expected that there would be no
significant relationship. The significant relationship obtained
(t = 1.59, tg.95 = 2.57, df 5) suggested that increased | oad
resulted in increased AERs, especially in the M chigan ponds.
Because the excretion rates were highest during Septenber

due to the warmwater, it was expected that this would provide

101



Fi gure 27. Total ng ammoni um excreted per day from each of the

experinental raceways sanpled on Septenber 7-8, 1993.
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Fi gure 28. Total ug of ammonium excreted per day per kil ogram of

fish for experinmental raceways sanpled on Septenber 7-8, 1993.
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Figure 29. Average anmonium concentrations (ug/m) for
experinental raceways neasured during a 24-hour period on

Sept enber 7-8, 1993.
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Fi gure 30. Rel ationship between AER and load in the seven

experinental raceways sanpled on Septenber 7-8, 1993.

108



AER (ug/kg/day)

1200

1000

800

600

400

200

September 1993

§) 9
Load (kg/Lpm)

12

15



the nost sensitive test of the differences in anmoni um excretion
with rearing density. However, other tine points (Decenber
February, and March) were exanmined as well. Results are shown in
Tabl e 14. | nspection of Table 14 shows that, in nost cases, AERs
fromfish in Mchigan ponds was nearly twice that of the fish
reared in raceways.

The bi ochem cal mechanism for stinulation of AER by the
presence of high levels of anmoniumis not clear. A nunber of
ot her changes occur in these ponds, including decreases in pH
However, these changes in AER in the Mchigan ponds are sone of
the nost dramatic differences between fish reared in raceways and
those reared in Mchigan ponds. These data, together wth other
factors such as size and disease history, may help to explain the

reducti on of survival to adulthood of fish released from t hese

ponds.

Uni oni zed Ammonia Concentrations in Experinental Ponds

Anal yses to this point have considered the total |evels of
anmmoni um nmeasured in the raceway as anmoni um ion. However, the
nature of the primary excretory product in fish is not yet clear
Sonme hypot heses consider that NHg4* is excreted across the gill as
a counter-ion in (Nat+K)-ATPase in exchange for Nat. Qher
hypot heses suggest that NH3 diffuses across the gil
menbrane as a gas and is subsequently protonated to form NHg™,
whi ch cannot pass back through the nenbrane because of its

char ge. Regardl ess of which hypothesis is correct, excretory

110



Table 14. Total mg NH4 excretion per pond per day, AER (ug
NH4/kg fish/day) and average ammonium |evel (ug/L) in
experinental ponds neasured hourly in March, Septenber, and
Decenber 1993 and February 1994.

Dat e, Total NHg® AERP Ave Conc®  Load?
group (mg/pond/day) (ug/kg/day) (ug/L) (Ib fish/gpm
March 1993
A2 89.9 61.9 0.033 7.69
B2 76. 6 81.0 0.028 4.16
c2 96.5 49.7 0.035 8.13
D2 265.7 52.6 0. 097 21. 97
El 224. 3 106. 8 0. 055 4.71
F1 265.7 114.8 0.120 5.63
Gl 265.7 117.5 0.185 6. 10
Sept ember 1993
A2 159.5 261. 4 0. 058 4. 86
B2 75.9 230.5 0.028 2.70
c2 140. 4 244. 0 0.051 3.18
D2 612.0 379.4 0.224 13. 36
El 140.5 296.5 0. 051 2.76
F1l 248.0 453.9 0. 142 3.87
Gl 541.0 1120.5 0. 341 4.20
Decenber 1993
A2 76.1 68. 5 0.028 4. 86
B2 64. 6 112.0 0.023 2.70
c2 37.5 34.5 0.014 3.18
D2 161. 3 51.9 0. 059 13. 36
El 181.1 149.9 0. 044 2.76
F1 152.0 100. 4 0.081 3.87
G1 221.0 158. 3 0.135 4.20
February 1994
A2 30.8 29. 3 0.011 4. 86
B2 25.1 38.5 0. 0095 2.70
c2 46. 7 40.5 0.017 3.18
D2 85.8 27.5 0.031 13. 36
El 52.6 51.0 0.013 2.76
F1 77.4 54.7 0.032 3.87
Gl 88.7 57.2 0. 053 4.20

dRefi;S to the total output fromthe raceway for a 24-hour
eri od.
gAmmniumexcretion rate corrected for the total kg of fish
in the raceway at the time of the experinent.
' Average concentration of ammonium in the raceway over a 24-
our period.
Load in each experinental raceway at the end of the
experimental rearing.
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amoni a inmedi ately distributes according to the equation

NHgt €==3 N + H+ (12)
with a Keq whi ch is dependent upon both tenperature and pH
(Emerson et al. 1975.). NH3 is considered to be the toxic
species (Wihrmann et al., 1947) while NHg4* is considered to be
rather non-toxic to fish (Tabata 1962).

Several tables have been published providing the
concentrations of NH3 with different pHs and tenperatures but are
of widely different quality. Burrows (1964) published a table
for a narrow range of pH and tenperature which was subsequently
found to be inaccurate. No details of his calculations were
present ed. Trussell (1972) produced a larger table but used a
graphi cal method which produced |ess accurate results than were
possi ble with conputer analysis. Mont gonery and Stiff (1971)
publ i shed a nonmogram for determning the fraction of NH3 at a
given pH and tenperature but his equilibrium constants were
subject to error. Skar heim (1973) published an extensive table
which related percent NH3 to pH tenperature, and dissolved
solids, but provided little information on how he had nmade his
cal cul ati ons. Enerson et al. (1975) used the data of Bates and
Pi nching (1949) to nodel the behavior of the equilibrium constant
in relation to pH and tenperature. They found that the
equi librium constant foll owed the equation

pK = 0.09018 + 2729.92/T (13)
where pK is the negative log of the dissociation constant and T
is tenperature in ©C. They then used the formula:

f = 1/(10PK-PH 4 1) (14)
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to determne the fraction of NH3 at a given tenperature and pH.
W have used these equations in the follow ng anal yses.

Tenperatures and pH neasurenents at each of the sanples
taken during the rearing cycles from 1990 to 1994 are presented
in Appendi x C Using these values of tenperature and pH it is
possible to calculate the anpbunts of NH3 present in the raceways
fromthe data in Appendix B. These data are presented in Table
15. Superficially, the data in Table 15 look simlar to those
presented in Appendi x B. However, the data in Appendix B are raw
data from anal yses of anmonium content in ug/L for raceways
t hroughout the rearing period, while the data in Table 15 are
uni oni zed ammonia excretion rates (ug NH3/hr/kg fish) (UAERS).
Wthin the pH and tenperature ranges given in Appendi x C,
uni oni zed anmoni a concentrations (in ug/nm) were between |/100
and |1/1000 the values shown in Appendix B.

The levels of unionized anmonia presented in Table 15
represent the highest levels attained in each of the raceways,
since the values were calculated from the concentrations of
amoni um at the outflow of each raceway. The average
concentration of unionized amonia in each raceway is
approximately half the values presented in Table 15.

UAERs tended to vary with tenperature and season simlar to
the levels of total ammonium (Figs. 31 and 32). Because the
UAERs were derived from AERs, results from anal yses for AERs
woul d al so apply to the UAERs. Consequently, analysis of the

effects of load and tenperature on UAERs were not perforned.
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Table 15. Unionized ammonia excretion rates (micrograms NH3/hr/kg fish) for experimental raceways at Willamette
Hatchery, 1990-1994.

Year, Al A2 B1 B2 c1 c2 D1 D2 EY €2 Fi F2 G1 G2
date

1990-1991 Rearing Year

09/23/90 0.017 0.063 0.017 0.008 0.044 0.049 0.021
09/30/90 0.026 0.000 0.023 0.004 0.037 0.068 0.015
10/07/90 0.019 0.022 0.012 0.010 0.010 0.034 0.011
10/14/90 0.073 0.099 0.043 0.017 0.048 0.057 0.055
10/28/90 0.004 0.022 0.012 0.010 0.013 0.012 0.023
11/04/90 0.006 0.005 0.004 0.006 0.020 0.026 0.004
11/11/90 0.035 0.028 0.015 0.017 0.015 0.028 0.018
11718790 0.000 0.000 0.012 0.010 0.025 0.069 0.044
11/25/90 0.019 0.023 0.016 0.020 0.033 0.023 -0.012
12/02/90 0.048 0.049 0.027 0.018 0.033 0.032 0.028
12/09/90 0.031 0.017 0.033 0.010 0.023 0.023 0.016
12/16/90 0.021 0.020 0.023 0.021 0.032 0.040 0.018
12723790 0.025 0.025 0.013 0.019 -0.003 0.020 0.016
12/30/90 0.016 0.032 0.019 0.014 0.027 0.040 0.024
01/06/91 0.009 0.009 0.005 0.005 0.005 0.009 0.011
01/13/91 0.000 0.000 0.003 0.005 0.008 -0.004 0.008
01/20/91 0.018 0.000 0.015 0.005 0.013 0.012 0.010
01727/ 0.004 00.13 0.002 0.004 0.035 0.007 0.014
02703/91 0.013 0.018 0.01¢ 0.013 0.013 0.012 0.005
02/10/91 0.019 0.010 0.008 0.002 0.034 0.051 0.006
02/17/91 0.028 0.025 0.029 0.008 0.036 0.034 0.007

1991-1992 Rearing Year

08/06/91 0.249 0.358 0.278 0.448 0.531 0.268 0.258 0.337 0.197 0.298 0.465 0.810 0.609 0.39
08/13/91 --  0.408 -- 0.617 -- 0.375 -- 0.229 0.411 -- 0.459 .. 0.078 --

08720/ 0.393 0.429 0.157 0.617 0.234 0.375 0.140 0.222 0.527 0.362 0.569 0.749 0.258 0.175
08/27/91 0.310 0.421 0.391 0.638 0.273 0.451 0.125 0.196 0.527 0.139 0.298 0.160 0.108 0.142
09/03/91 0.234 0.398 0.405 0.533 0.220 0.333 0.038 0.161 0.304 0.235 0.245 0.297° 0.172 0.070
09/10/91 0.325 0.263 0.239 0.328 0.379 0.241 0.143 0.115 0.258 0.236 0.452 0.527 0.150 0.072
09/17/M 0.109 0.334 0.229 0.601 0.109 0.130 0.084 0.074 0.229 0.145 0.259 0.219 0.118 0.155
09/24/91 0.274 -- 0.303 -- 0.145 -- 0.087 -- -- 0.222 -- 0.526 -- 0.128
10/01/91 0.162 0.241 0.273 0.371 0.150 0.152 0.074 0.101 0.184 0.204 0.225 0.393 0.066 0.073

10/08/91 0.164 0.087 0.202 0.114 0.136 0.216 0.078 0.112 0.144 0.280 0.147 0.413 0.064 0.056



Table 15 (cont.). Unionized ammonia excretion rates (micrograms NH3/hr/kg fish) for experimental raceways at
Willamette Hatchery, 1990-1994.

Year, Al A2 B1 B2 c1 ce D1 D2 E1 E2 F1 F2 G1 G2
date

1991-1992 Rearing Year

10/15/91 0.117 0.153 0.239 0.156 0.116 0.111 0.079 0.417 0.111 0.076 0.106 0.166 0.079 0.005
10/22/91 0.070 0.063 0.103 0.146 0.073 0.081 0.040 0.026 0.051 0.101 0.041 0.137 0.028 0.057
10/729/91 -- -- -- -- -- -- .- - . -- -- -- -- --
M2/ 0.017 0.040 0.030 0.080 0.018 0.033 0.007 0.019 0.052 0.035 0.045 0.031 0.022 0.014
11719/ 0.032 0.032 0.009 0.037 0.057 0.011 0.019 0.013 0.03% 0.054 0.051 0.081 0.018 0.023
11/26/91 .. 0.023 -- 0.03 =-- 0.009 __ p9.011 -- 0.037 ~-- 0.019 --  0.01%
12/03/91 0.026 0.029 0.054 0.035 0.025 0.022 0.013 0.017 0.021 0.063 0.025 0.052 0.033 0.025
12/10/91 0.040 0.031 0.037 0.026 0.012 0.014 0.010 0.012 0.051 0.051 0.045 0.040 0.037 0.016
12717791 .. 0005 -- 0,020 -- 0.015 __ 0.011 -- 0.046 =-- 0.017 --  0.020
12/24/91 0.09%9 -- 0.027 -- 0.009 -- 0.012 -- 0.019 -- 0.032 -- 0.081 --
12/31/91 0.03, 0.023 0.029 0.024 0.011 0.007 0.008 0.008 0.026 0.050 0.044 -0.006 0.009 0.012
01/07/92 0.029 0.036 0.023 0.035 0.012 0.017 0.007 0.008 0.034 0.026 0.014 0.02& 0.024 0.004
01/14/92 0.015 0.025 0.029 0.041 0.013 0.025 0.009 0.009 0.022 0.037 0.027 0.021 0.019 0.018
01/21/92 0.016 0.027 0.022 0.034 0.007 0.020 0.005 0.009 0.042 0.037 0.021 -0.016 0.013 0.008
01/28/92 0.031 0.049 0.028 0.096 0.021 0.041 0.011 0.017 0.046 0.088 0.062 0.060 0.024 0.028
02/04/92 0.010 0.024 0.017 0.024 0.014 0.015 0.009 0.012 0.053 0.058 0.023 0.043 0.033 0.031
02/11/92 0.060 0.053 0.067 0.08 0.034 0.039 0.030 0.027 0.091 0.076 0.057 0.020 0.055 0.049
02/18/92 0.023 -- 0.041 -- 0.024 -- 0.010 -- 0031 -- 0.019 -- 0015 --
02/25/92 0.03% -- 0.00 -- 0.029 -- 0006 -- 0.03 -- 0.021 -- 0.014 --
1992-1993 Rearing Year

08/04/92 0.773 -- 0.508 -- 0.316 --  0.182 -- -- - -- -- -- --
08/11/92 0.306 -- 0.723 __ 9.212 -- 0.085 ~-- 0.165 -- 0332 -- 0.22% --
08/25/92 0.339 -- 0.323 -- 0.247 --  0.164 -- - - -- -- -- --
08/27/92 .- 0.490 -- 0,548 -- 0.152 -- 0.202 -- 0.631 -- 0.355 ~--  0.462
09/01/92 0.161 -- 0.095 _. 0.069 -- 0.145 -- 0.362 -- 0.305 -- 0.270 --
09/03/92 .- 0359 -- 0412 -- 0.140 -- 0.164 -- 0.87% -- 0.212 ..  0.157
09/08/92 0.156 =-- 0.045 __  0.09t -- 0.096 -- 0.288 -- 0.189 -- 0.206 --
09/10/92 .. 0.176 -- 0.226 -- 0.056 ~-- 0.110 -- 0.669 -- 0.317 ..  0.150
09/15/92 0.119 -- 0.09 __. 0.059 -- 0.05 -- 0.148 -- 0.118 -- 0.022 --
09/17/92 .- 072 -- 0.211 -- 0.084 ~-- 0.066 ~-- 0272 -- 0.170 ..  0.164
09/22/92 0.234 -- 0.271 __. 0.133 -- 0.100 -- 0.192 ~-- 0,097 -- 0.170 --
09/24/92 .. 0088 -- 008 -- 0.03% -- 003 -- 0.125 -- 0.083 -- 0.088
10/01/92 -- -- --  0.115 =-- 0.046 =-- 0.040 -- 0.167 -- 0.103 --  0.134
10/06/92 0.044 -- 0.035 -- 0.03 -- 0.023 -- -- -- -- -- -- --
10/08/92 .- 0,077 -- 0.087 -- 0.042 =-- 0.040 -- 0.156 ~-- 0.062 --  0.059



Table 15 (cont.). Unionized ammonia excretion rates (micrograms NH3Z/hr/kg fish) for experimental raceways at
Willamette Hatchery, 1990-1994.

Year, Al A2 B1 B2 c1 c2 D1 D2 E1 £2 F1 F2 (] G2
date

1992-1993 Rearing Year

10713792 0.045 -- 0.074 -- 0.038 -- 0.029 -- 0.056 .. 0.040 -- 0.026 --
10/15/92 - 0.064 -- 0.114 -- 0.036 ~-- 0.048 -- 0.105 -- 0.034 -- 0.082
10720792 0.025 -- 0.039 -- 0.017 -~ 0.028 -- 0.063 _. 0.4 -- 0.038 --
10722792 - 0.050 ~-- 0.066 -~ 0.030 -- 0.029 -- 0.062 -- 0.065 -- 0.058
10/27/92 0.026 -- 0.031  -- 0.024 -- 0.026 ~-- 0.041 _._ 0.028 -- 0.041 --
10/29/92 -- 0.026 -- 0.03% -- 0.024 -- 0.027 ~-- 0.055 -- 0.049 -- 0.032
11/03/92 0.019 -- 0.006 -- 0.011  -- 0.013 -- 0.057 .. 0.052 -- 0.016 --
11705792 - 0.017 -- 0.016 -- 0.012 -- 0.014 -- 0.039 -- 0.043 -- 0.027
11710792 0.021 -- 0.027 -- 0.026 -- 0.015 -- 0.014 .. 0.025 -- 0.006 --
11/12/92 -- 0.025 -- 0.040 -- 0.020 -- 0.019 -- 0.058 -- 0.040 -- 0.021
11717792 0.019 -- 0.030 -- 0.015 -- 0.099 -- 0.042 .. 0.005 -- 0.026 ~--
11719792 -- 0.013 -- 0.033 -- 0.008 -- 0.007 -- 0.018 -- 0.017 -- 0.005
11/724/92 0.007 -- 0.007 -- 0.007 -- 0.005 -- 0.071 _. 0.008 -- 0.005 --
12701792 0.012 -- 0.024 -- 0.016 -- 0.006 ~-- 0.014 _. 0.023 -- 0.015 --
12/03/92 -- 0.010 -- 0.009 -- -0.005 -- 0.006 -- 0.017 -- 0.017 -- 0.006
02/02/93 0.016 -- 0.004 -- 0.005 -- 0.009 -- 0.013 .. 0.016 -- 0.010 --
02/04/93 - 0.013 -- 0.003 -- 0.007 -- 0.009 -- 0.019 -- 0.015 -- 0.007
02/09/93 0.0 -- 0.01%% -- 0.019 -~ 0.008 -- 0.027 .. 0.027 -- 0.012 --
02711793 -- 0.011  -- 0.020 -- 0.009 -- 0.004 -- 0.013 -- 0.014 -- 0.016
02/16/93 0.014 -- 0.006 -- 0.009 -- 0.005 ~-- 0.020 . 0.015 -- 0.021 --
02/18/93 -- 0.004 -- 0.006 -- 0.006 -~ 0.002 -- 0.011 ~-- 0.009 -- 0.006
03/02/93 0.005 -- 0.000 -- 0.006 -- 0.009 -- -- -- -- -- -- .-
03/04/93 -- 0.014 -- 0.019 -- 0.007 -- 0.007 -- 0.018 -- 0.009 -- 0.015
03/09/93 0.006 -- 0.01% -- 0.007 -- 0.005 -- 0.002 .. 0.013 -- 0.013 --
1993-1994 Rearing Year

gg;gg;gg 0.306 -- 0.339 -- 0.116 -- 0.306 -- 0.33, -- 0.989 -- 0.152 --
gg;:g;gg 0.272 0.339 0.32% 0.292 0.195 0.153 0.093 0.266 0.197 0.14% 0.26% 0.232 0.18% 0.463
08/17/93 0.675 0.432 0.642 0.512 0.343 0.4%% 0.185 0.3t= 0.522 0.481 0.382 0.581 0.490 0.65%
08/24/93 -- feTTR .. 0.225 -- 0.267 ~-- S T Y 0.567 -- 0.447
08/26/93 0.183 0.252 0.237 0.282 0.093 0.14% 0.071 0.105 0.2y5 0.241 0.288 0.267 0.142 0.283
08/31/93 0.432 -- 0.422 -- 0.105 -- 0.052 -- 0.209 -- 0.259 -- 0.193  --
09702793 -- 0.230 -- 0.178 -- 0.132 -- 0.129 -- 0.483 -- 0.000 -- 0.258
09/09/93 a7 -- 0.502 -- ~eghs . 0.150 - Metec .. /349 0.302 ~-*"°  --
09/14/93 0.136 0.159 0.1%5 0.241 0.060 0.056 O0.05F 0.1%2 0.190 0.305 0.145 -- 0.073 0.157
09/16/93 -- 0.153 -- 0.152 -- 0.106 -- 0.050 -- 0.176 0.000 0.079 -- 0.091
09/21/93 0.037 -- 0.033 -- 0.028 -- 0.019 -- 0.075 -- -- 0.078 --



Table 15 (cont.). Unionized ammonia excretion rates (micrograms NH3/hr/kg fish) for experimental raceways at
Willamette Hatchery, 1990-1994.

Year, A1 A2 B1 B2 c1 c2 D1 b2 E1 E2 F1 F2 G1 G2
date

1993-1994 Rearing Year

09/23/93 -- 0.090 -- 0.117 -- 0.084 -- 0.055 -- 0.080 -- 0.131  --

09/28/93 0.227 -- 0.327 -- 0.174 -- 0.097 -- 0.393 -- 0.302 -- 0.166
09/30/93 -- 0.055 ~-- 0.113 -- 0.059 -- 0.087 -- 0.236 0.241 --

10/05/93 0.171  -- 0.156 -- 0.073 -- 0.053 -- 0.217 -- 0.073 -- 0.142
10/07/93 -- 0.077 -- 0.113 -- 0.054 -- 0.073 -- 0.139 -- 0.095 --

10/12/93 0.138 -- 0.128 -- 0.048 -- 0.032 -- 0.089 -- 0.136 -- 0.075
10/14/93 -- 0.078 -- 0.1 -- 0.037 -- 0.047 -- 0.176 -- 0.072 --

10/19/93 0.050 -- 0.062 -- 0.028 -- 0.021 -- 0.045 0.055 -- 0.034 --
10/21/93 .- 0.098 -- 0.070 -~ 0.096 -- 0.040 -- 0.140 -- 0.052 -- 0.082
10/26/93 0.095 -- 0.108 -- 0.050 -- 0.021 -- 0.077 0.099 -- 0.027 --
10/28/93 -- 0.116 -- 0.124 -- 0.084 -- 0.039 -- 0.153  -- 0.050 --

11/702/93 0.042 -- 0.028 -- 0.005 -- 0.011  -- 0.056 -- 0.027 -- 0.043
11/04/93 - 0.030 -- 0.034 -- 0.040 -- 0.024 -- 0.038 -- 0.037 --

11709793 0.026 -- 0.000 -- 0.031 -- 0.015 -- 0.024 0.033 -- 0.011 --
11711793 - 0.023 -- 0.027 -- 0.012 -- 0.012 -- 0.100 -- 0.015 -- 0.024
11/716/93 0.068 -- 0.089 -- 0.041 -- 0.029 -- 0.055 0.065 -- 0.012
11/18/93 -- 0.032 -- 0.062 0.042 -- 0.010 -- 0.088 -- 0.064 --

11/23/93 0.012 -- 0.000 -- -0.005 -- 0.005 -- 0.047 -- 0.037 -- 0.013  --
11725793 -- 0.014 -- 0.019 -- 0.014 -- 0.023 -- 0.022 -- 0.056 -- 0.005
11/30/93 0.031  -- 0.000 -- 0.005 -- 0.014 0.052 -- 0.029 -- 0.032 --
12/02/93 -- 0.025 -- 0.033 -- 0.03¢9 -- 0.014 -- 0.055 -- 0.040 --

12/08/93 0.026 -- 0.022 -- 0.020 -- 0.013 -- 0.067 -- 0.013 -- -0.002 --
12/09/93 0.005 -- 0.000 -- 0.000 -- 0.006 -- 0.053 -- 0.027 --

12/14/93 0.039 -- 0.056 -- 0.022 -- 0.014 0.035 -- 0.023 -- 0.019 --
12/16/93 -- 0.029 -- 0.076 0.006 -- o.o11  -- 0.000 -- 0.053 -- 0.021
01/11/94 0.020 -- 0.047 -- 0.012 -- 0.013 -- 0.028 -- 0.032 -- 0.071 --
01713794 -- 0.038 -- 0.063 -- 0.021 -- 0.011 -- 0.075 -- 0.028 --

01/18/94 0.012 -- 0.006 -- -0.004 -- 0.000 -- 0.025 -- 0.010 -- 0.015 --
01720794 -- 0.014 -- 0.048 -- 0.021 -- 0.014 -- 0.056 -- 0.016 0.023
01725794 0.040 -- 0.038 -- 0.000 -- 0.008 -- 0.041 -- 0.049 -- 0.041 --
01/27/94 -~ 0.017 -- 0.012 0.017 -- 0.013 -- 0.018 -- 0.026 --

02701794 0.006 -- 0.009 -- 0.000 -- 0.000 -- 0.010 -- 0.012 -- 0.004 --
02/03/94 - 0.004 -- 0.048 0.015 -- 0.011  -- 0.050 -- 0.039 --

02/08/94 0.029 -- 0.020 -- 0.009 -- 0.005 -- 0.041 -- 0.041 -- 0.021
02/10/94 -- 0.043 -- 0.000 -- 0.007 -- 0.009 -- 0.019 0.023 --

02/15/94 0.069 -- 0.085 -- 0.025 -- 0.013 -- 0.078 -- 0.09%6 -- 0.043
02/17/94 -- 0.069 -- 0.069 -- 0.044 -- 0.027 -- 0.091 -- 0.068 --




Fi gure 31. UAERs (Ug NH3/hr/kg fish) neasured at the outlets of
raceways containing fish from groups A2 (-& -), B2 (- iJ-), C2 (-4-)

-), and D2 (- -) for four rearing years at WIlanmette Hatchery.
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Fi gure 32. UAERs (ug NH3/hr/kg fish) neasured at the outlets of
raceways containing fish from groups E (-a-), F (- -), and G1

(-A-) for four rearing years at WIlanette Hatchery.
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Diel cycles of amonium excretion were exam ned for the
concentrations of unionized anmonia in nore detail because daily
excretion rates could be calculated from these studies.
Concentrations of ammonia in experinental raceways showed diel
cycles simlar to those of the ammoniumions. \Wen excretion
rates were calculated by incorporating flow and bi omass, UAERs
wer e obtai ned which also showed diel cycles (Figs. 33 and 34).
Sone interesting differences were found between UAERs from fish
in raceways and from those in M chigan ponds when these were
sanpl ed in Septenber 1993. In raceways (Fig. 331, diel cycles in
UAER had a sharp maxi num between 1700 and 1900 hours,
approximately the time of naxi num water tenperature. Goup B
seem to have higher UAERs than groups A C, or D In the
M chi gan ponds, however, maxi num UAERs seened to be broader, nore
irregular, and somewhat |ater (1900-2300 hours) than those of
fish reared in the raceways (Fig. 34). Maxi mum | evel s of UAERS
were nearly twice those fromfish reared in groups A C or D

Because the concentrations for NH3 could be cal cul ated over
a 24-hour period on days of diel sanpling, it was possible to
calculate the total NH3 excretion per day per pond, the total NH3
excretion per day per kg of fish, and the average NH3
concentration per pond during the day (Table 16).

Total NH3 excretion per pond per day was greatest in
Sept enber when netabolic activity was highest and decreased to
| east levels in February (Fig. 35). Excretion was greatest in

group D in Septenber, when 3.3 ng NH3 was excreted. Thi s amount
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Fig. 33. Diel cycles of UAERs (ug NH3/hr/kg fish) in raceways
containing fish from groups A2 (-m-), B2 (-g-), C2 (-4-), and
D2 (-4 -) neasured in Septenber 1993, Decenber 1993, March 1993,
and February 1994.
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Fig. 34. Diel cycles of UAERs (ug NH3/hr/kg fish) in raceways
containing fish from groups El (-wW-), F1 (-J-), and G1 (-& -)
neasured in Septenber 1993, Decenber 1993, March 1993, and

February 1994.
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Tabl e 16. Total output of wunionized amonia per kg fish per
day, total output of unionized ammonia per raceway per day,
average concentration of wunionized amonia in raceways,
average pHs, and average tenperatures for selected days in
1993 and 1994. Values were based on the sunms or averages of
hourly sanpl es taken over a 24-hour period. Nunber s
represent the averages at the effluent end of the raceways.

Dat e, Total AmmDNi a Excretion Ave. Conc Ave. Ave.
G oup w kg/ day g/ r aceway/ day ug/ m Tenp PH
March 1993
A2 0. 207 0. 301 0. 00011 4.862 7.43
B2 0. 256 0. 242 0. 00009 4.86 7.40
c2 0. 149 0. 288 0. 00011 4. 86 7.38
D2 0.126 0.638 0. 00023 4. 86 7.28
El 0. 306 0. 643 0. 00016 4.86 7.36
FI 0. 272 0. 629 0. 00015 4. 86 7.28
a 0.173 0. 391 0. 00010 4.86 7.07

Sept enber 1993

A2 2. 051 1. 258 0. 00044 13.79 7.49
B2 3.226 1. 060 0. 00035 13. 88 7.71
c2 2.178 1. 250 0. 00042 13.53 7.53
D2 2. 067 3.338 0. 00120 13. 56 7.35
El 3. 680 1.746 0. 00028 13. 68 7.65
Fl 4. 245 2. 348 0. 00078 14. 00 7.38
d 5.123 2.472 0. 00191 14.02 7.24
Decenber 1993
A2 0. 352 0. 392 0. 00014 3.59 7.66
B2 0.703 0. 406 0. 00015 3.85 7.75
c2 0. 151 0. 164 0. 00006 3.21 7.60
D2 0. 204 0. 635 0. 00023 3.51 7.55
El 0.724 0. 875 0. 00021 3.76 7.63
Fl 0. 388 0. 587 0. 00014 3.91 7.52
d 0. 477 0. 666 0. 00016 4.03 7.42
February 1994
A2 0. 285 0. 300 0. 00011 6.18° 7.86
B2 0. 310 0. 202 0. 00007 6.18 7.77
c2 0. 239 0. 275 0. 00011 6.18 7.64
D2 0. 163 0. 509 0. 00019 6.18 7.64
El 0. 309 0. 318 0. 00008 6.18 7.65
F1 0. 265 0. 375 0. 00009 6.18 7.55
Gl 0. 230 0. 357 0. 00009 6.18 7.47

4Temperatures taken only at inflow to the raceways.
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Fi gure 35. Total wunionized anmonia excretion (my NHy/day/pond)
nmeasured at the outflow of experimental raceways during diel
sanpling in Septenber 1993, Decenber 1993, March 1993, and
February 1994.
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represents only about 1/200 of the anobunt of NH4 excreted at the
sanme tine (Table 14).

Anmoni a excretion rates (ug NH3/hr/kg fish) were highest in
Septenber (Fig. 36). Rates for group B seened unusually high in
Sept enber and Decenber when conpared to other groups reared in
raceways. Rates were conparable to those from M chigan ponds.

No notabl e differences between groups occurred during the March
and February sanpl es.

Average NH3 concentrations (ug/m) experienced by fish in
various experinmental ponds is shown in Fig. 37. H ghest average
| evel s were found in group G in Septenber. Values of unionized
amoni a from sanples in Septenber are anong sone of the highest
concentrations encountered during the neasurenents. Yet all of
these estimates of unionized amonia fall far short of the |eve
of 0.015 ppm (=ug/m) which first causes deleterious effects in
trout (Piper et al., 1982). The decrease in pH resulting from
i ncreased netabolic activity at high tenperatures and rearing
densities serves to reduce the fraction of unionized amonia
during excretion. There seens to be little reason for concern
about wunionized ammonia levels reaching critical concentrations
fromrearing fish in water with |ow buffering capacity such as
that found at WIlanette Hatchery. In Eastern hatcheries, where
hardness | evels can reach 250 ppm or nore, toxicity from
uni oni zed ammonia may be a nore critical issue.

Toxic effects of unionized amoni a have been reported in
several publications, but nostly for trout. Thurston and Russo

(1983) reported an LCgqg (96 hr) of 0.16 to 1.1 ng/L, which
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Figure 36. Total wunionized amonia concentrations (ug NHs/day/kg
fish) neasured at the outflow of experinmental raceways during

diel sanpling in Septenber 1993, Decenber 1993, March 1993, and

February 1994.

131



Setember

December

AN

March

[
February

LA S LTS LSS S ST L TSI LTSS ST LSS TS S S LS LSS S

(o)

<

1 I ¥

(Aep/ysiy By/6n) ejey uona1ox3 €HN



Figure 37. Average unionized anmonia concentrations (ug/ml) at
the outlets of experinental raceways during diel sanpling in

Sept enber 1993, Decenber 1993, March 1993, and February 1994.
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corresponded in their experinments to a total anmoni um
concentration of 11-48 ny/L. Piper et al. (1982) indicated that
del eterious effects were observed in trout only after
concentrations of 0.015 ng/L had been reached. \ile the

uni oni zed ammonia levels in the present experinments did not reach
concentrations correlated with deleterious effects in trout, they
may have nore subtle effects that influence the rates of

survival . Chi nook salnon are, in general, nore subject to
stresses than trout. In the M chigan pond series, which have
some of the highest |evels of ammonia encountered in these
experinents, survival is low for the returns to date (see bel ow).
Ammoni a concentrations (either ionized or unionized) may have

contributed to this lack of vitality.

Effects of Size on AER in Coho Sal non

In a series of experinents at the Corvallis Fish Research
Laboratory, we attenpted to determine the effects on size on AER
in coho salnmon by isolating juveniles of differing sizes and
nmeasuring the AER of these fish thoughout the snolt cycle from
February to June. Fish were held at constant tenperature in
pl asti c boxes of known volune for a period of 90 m nutes.

Sanpl es were taken at 30 minutes intervals and anal yzed for

anmoni um Results suggested that size was not of ngjor

i mportance in determning AER (Fig. 38). As the fish entered the
snolt cycle, however, as neasured by an increase in (NatK)-ATPase

specific activity, a slight negative relationship between size in
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Fi gure 38. Rel ati onship between size (cm and AER neasured on 26
February 1995 in coho sal nron under conditions of constant

temperature at the Corvallis Fish Research Laboratory.
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cm and AER appeared (Fig. 39). These results suggest that the
size of the juveniles at WIllanette Hatchery probably had little
i nfl uence on the changes in AER observed in the experinental

ponds and that tenperature was probably the nobst inportant factor

in the variations.
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Fi gure 39. Rel ati onship between size (cn) and AER neasured on 24
April 1995 in coho sal non under conditions of constant

tenperature at the Corvallis Fish Research Laboratory.
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Anal ysis of Urea Excretion

In addition to ammonium gill nenbranes excrete a
consi derabl e anmbunt of urea as a nitrogenous waste product. Ur ea
is the second nost abundant nitrogenous excretory product in
fishes. The original sanpling plan for water quality did not
call for nmeasurenment of urea excretion and consequently no
nmeasurenments of urea excretion were performed during the initia
rearing years. During the final rearing year, however, urea
concentrations were neasured as part of the diel neasurenent of
amoni um excreti on.

Measurenments of urea excretion were performed in Septenber
and Decenber 1993 and February 1994. Urea excretion rates (ug
urea/ hr/kg fish) (UERs) are shown for raceways (Fig. 40) and for
M chi gan ponds (Fig. 41). Several points can be seen from these
curves. First, the urea excretion in Septenber and Decenber was
only about |/3 the rate of ammonium excretion in both nmonths. In
February, however, the urea excretion exceeded ammoni um excretion
rates. Because the fish had been starved for several days before
t he measurenents in February, ammonium excretion rates were
reduced. Ni trogen excretion appeared to have been taken up by
urea excretion rather than ammoni um ions.

There was no evidence of a diel cycle for urea excretion in
t hese fish. Excretion rates seemed simlar throughout the 24-

hour period, although estinmates of excretion rates at individua
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Fi gure 40. D el changes in urea excretion rate (ug urealhr/kg
fish) in experinmental raceways containing groups A2 (-® -),
B2 (-0-), @ (-A) and D2 (-%-) in Septenber 1993, Decenber
1993, and February 1994.
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Figure 41. Diel changes in urea excret ion rate (ug ureal/hr/kg
fish) in experinmental raceways containing groups E (-M-),

Fl (-gg-), and G (-4 -) in Septenber 1993, Decenber 1993, and
February 1994.
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sanpling tinmes seened vari abl e. Because there was no diel cycle,
It was possible to |ook at average excretion rates for each
raceway during the three sanpling periods (Table 17; Fig. 42).
Goup D had the lowest UERs in each of the tine periods. No
other relationship was inmmedi ately evident from the graph, except
that excretion rates overall were higher in February after
starvation than in Septenber, when the water was much warnmer
ammoni um i on excretion was high, and the fish were fed to
repletion

When total urea excreted per day (ng/day) was calculated for
the experinmental raceways (Fig. 43), simlar anounts were
observed in Septenber and Decenber for all raceways. In
February, however, rates of urea excretion per day were over
twice as high as those fromthe other tine periods. At each tine
period, the nost urea was excreted from group G supporting the
hypot hesis that this group was stressed and had much higher

net abolic rates.
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Table 17 Tot al

average urea excretion rates (ug urea/kg fish)

my urea excreted per

pond per day and

in

experimental ponds measured hourly in Septenber 1993,

Decenber 1993 and February 1994.

Dat e, Total NH42 Ave. UER LoadP
group (ng/ pond/ day) (ug/hr/kg fish) (kg/Lpm

Sept enber 1993
A2 41. 92 3.00 4. 86
B2 19.71 1.68 2.70
c2 70.42 5.32 3.18
D2 69. 78 1.80 13. 36
El 95. 03 8. 28 2.76
FI 94. 85 6. 98 3.87
a 130. 04 11.04 4. 20

Decenber 1993
A2 53. 63 1.94 4. 86
B2 38. 25 2.12 2.70
c2 59.41 1.45 3.18
D2 73.69 0.63 13. 36
El 61. 92 1.16 2.76
FI 74.94 1.57 3.87
a 129. 60 2.45 4. 20

February 1994
A2 283. 79 11.01 4. 86
B2 258. 90 16. 80 2.70
c2 248. 11 8. 96 3.18
D2 291.01 3. 88 13. 36
El 391. 67 15.19 2.76
FI 418. 60 11.83 3.87
d 442.13 11.41 4. 20

“dRefers to the total

geriod.

Load in each experinental

out put from the

experimental rearing.
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Figure 42. Average urea excretion rate (ug ureal/ hr/kg fish)
neasured at the outflow of experinental raceways in Septenber

1993, Decenber 1993, and February 1994.
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Fi gure 43. Total urea excretion (ng ureal/pond/day) neasured at

the outflow of experinental raceways in Septenber 1993, Decenber

1993, and February 1994.
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Ni trogen Fl ow Through the Raceways

Nitrogen flow through the raceways can be determ ned by
knowi ng the amount of nitrogen entering the system the nitrogen
accumul ated in the fish as growh, and the nitrogen flow ng out
of the system as waste products. This can be represented by the
formul a:

N (water) + N (feed) = N (fish gromth) + N (effluent) +
N (feces) + N (mcro-organi sms) (15)

In our analyses, we found little N as amonium nitrite or
nitrate coming into the system through the water system W did
not attenpt to nmeasure N flow in the bacteria living in the
raceways, but since the raceways were kept reasonably clean, we
have nade the assunption that the N incorporated into or excreted

by micro-organisns was negligible. Thus, the equation becones:

N (feed) = N (fish growth) + N (feces) + N (effluent) (16)

Because we have information on nost of these parameters, it is
possible to determne the correctness of our assunptions.

Proxi mat e anal yses of Bionoist Feed and of juvenile chinook
sal mon were required for determnation of the total nitrogen and
wat er contents. Feed at WIIlanette Hatchery was not subjected to
proxi mate analysis during the rearing of the juveniles, but a
series of proxinmate anal yses on Bi oMist Feed at various O egon

hatcheries were performed in 1994. Averages of these results are
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presented in Table 18. Simlarly, actual fish from experinental
rearing years were not analyzed, but a series of chinook sal non
from WIllanette Hatchery were obtained in Novenber 1994 and

anal yzed. These fish averaged 40 g in weight (11.4 fish per
pound), Wwhich was simlar to the target release size of 10 fish
per pound.

Ni trogen bal ance was calculated in detail for the four
periods of diel sanpling for anmoni um because these represent the
nost accurate determ nations of N excretion per day. Results are
presented in Table 19. Negative val ues occurred when the
nitrogen in soluble waste and in fish growth exceeded the
nitrogen content of the feed introduced. A'so, in February 1994,
the fish were not fed for several days before release. The food
is therefore 0 and all values for nitrogen in excretion and
growt h were negati ve.

Percent of the nitrogen in fish food that was incorporated
into fish flesh was relatively constant during Septenber when the
fish were growing well (Fig. 44). During Decenber, the percent
i ncorporation was nuch less, wth some negative figures in the
M chi gan ponds. I ncorporation in March again approached the
percent reached in Septenber for fish reared in raceways, but not
for those reared in M chigan ponds.

The percent of nitrogen in fish food that was excreted as
soluble waste (NH4 and urea) was |owest in Septenber and highest
in Decenber (Fig. 45). I n Decenber, percentages often exceeded
100% because the amount of food fed was variable and low In

March, the percent of N input excreted as sol uble waste was
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Tabl e 18. Proxi mat e anal yses for chinook sal non (average
size 40.6 + 0.3) and Bi oMi st Feed. Chi nook sal non were
obtain in Novenmber 1994 for analysis. Feed sanpl es

represent averages of sanples from various O egon hatcheries
in 1994,

Percent Anal yte

Anal yte Chi nook Sal non N Bi ovbi st Feed N
Wat er 74.85 + 0.29 16 27.62 + 0.46 13
Ash 1.95 + 0.02 5 7.30 + 0.43 13
Protein 12.83 + 0.93 6 34.97 + 1.37 9
Li pi d 7.48 + 0.60 6 13.97 + 0.49 9
Tot al 97.11 + 1.07 6 84.32 + 1.56 9
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Tabl e 19.

Nitrogen flow in grans through various

experi nent al

raceways during the four
of diel anmmoni um excretion.

peri ods of

nmeasur enent

Dat e, N N N D fference Percent
gr oup (food) (growth) (soluble waste)
March 3-4, 1993
A 279. 8 78.1 143.5 58.1 20. 8
B 179.0 46. 3 114.9 17.8 10.0
C 251.8 73.9 155.9 22.0 8.7
D 760. 9 112. 4 339. 4 309. 2 40.6
E 430. 8 -30.5 286. 2 175.1 40. 7
F 637.9 51.0 340.6 246. 3 38.6
G 788.9 10.0 395.3 383.7 48. 6
Sept enber 7-8, 1993
A 710.6 201. 4 201.5 307. 8 43. 3
B 408. 4 130. 3 95.6 182. 6 44. 7
C 760. 9 181. 4 210. 8 368. 8 48.5
D 2489. 9 555.0 681. 8 1253.1 50. 3
E 917.6 197.0 235.5 485. 1 52.9
F 917.6 246.5 342.8 328.3 35.8
G 1068. 7 220. 8 671.8 176. 1 16.5
Decenber 16-17, 1993
A 201. 4 10.0 129.8 61.6 30.6
B 78.3 18.1 102. 8 -42.6 -54. 3
C 229.4 18.5 97.0 114.0 49.7
D 430. 8 4.1 235.1 191.6 44.5
E 201. 4 -49.7 243.0 8.1 4.0
F 179.0 -27.7 226.9 -20.2 -11.3
G 201. 4 10.0 350.6 -159.2 -79.0
February 27-28, 1994
A 0.0 -8.6 292.6 -284.0
B 0.0 18.1 262.0 -280.1
C 0.0 18.5 294. 8 -313.3 -
D 0.0 4.1 376. 8 -380.9 -
E 0.0 -49.7 313.7 -264.0 -
F 0.0 -27.7 356. 4 -328.7 -
G 0.0 10.0 383. 4 -393. 4

155



Figure 44. Percent of nitrogen in food that can be accounted for
in fish growth in experimental ponds in Septenber 1993, Decenber
1993, and March 1993.
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Fi gure 45. Percent of nitrogen in food that can be accounted for
by soluble waste products (NH4 and urea) in experinmental ponds in
Sept enber 1993, Decenber 1993, and March 1993. Urea excretion

was not measured in March 1993.
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fairly stable for all raceways at 50-60%

A disturbing aspect is that, in nmany cases, alnost half of
the nitrogen introduced in the food was unaccounted for by
nitrogen in growh or in soluble wastes (Fig. 46). Nearly half
the N input in feed in Septenber was unaccounted for. Simlar
percents were found for raceways in Decenber, although M chigan
ponds showed only a small percent. In March, the percent
unaccounted for was reduced in raceways but eleveated in M chigan
ponds. Either a huge amobunt of nitrogen was present in the
feces, which seens unlikely from other accounts (Kaushik and
Cowey 1991; Pillay 19921 a large anount of food was uneaten
which also seens unlikely from the food conversion anal yses and
the | ack of appearance of uneaten food on the bottom of the
raceway, or the unequal distributions of feed and excretion
during the single day of neasurenent caused |arge discrepancies
in nitrogen flow The present study was not designed to account
for nitrogen flow through the raceways, although nmany of the
paraneters necessary for these calculations were neasured. A
better study for nitrogen flow through the raceways mght be to
exam ne nitrogen flow through the system for a weekly period
rather than a single day, so that differences in feeding rates
and excretion rates that lead to large variations in values could

be snpot hed out.
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Fi gure 46. Percent of nitrogen in food that could not be
accounted for by fish growh or soluble waste in experinenta

ponds in Septenber 1993, Decenber 1993, and March 1993.
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Recoveries of Marked Adults

Information on survival of experinental groups was obtained
from coded wire tags collected from adult returns to Dexter
Rearing Facility, MKenzie Hatchery, WIlanette Hatchery, and the
ocean fisheries program and conpiled by the Pacific Fisheries
Managenent Council (PFMC) conputer data base. Prelimnary data
on adult returns are shown in Tables 20 and 21. The highest
percent returns were from fish that were reared at WIllanette
Hat chery until Novenber and then transferred to the Dexter
hol di ng pond (Fig. 47). These fish were not part of the
experinental design but were tagged for conparison with
experinental fish. The nunber of fish reared each year varied:
147,859 for the 1989 brood, 382,000 for the 1990 brood, 382,024
for the 1991 brood and 308,727 for the 1992 brood

The second hi ghest percent returns (Fig. 47) were from fish
reared at half the normal rearing density (group B) followed by
fish reared at normal density with oxygen (group C). Fish reared
in Mchigan ponds showed very poor recoveries.

It should be enphasized that these data are prelimnary and
any conclusions reached at this time will be subject to revision
as nore data becones available and cal cul ati ons becone nore

refined.
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Tabl e 20.

Capture of adult fish derived from experinenta

groups released from WIllanette Hatchery, 1991-1994. Dat a
is inconplete and represents only that available as of June
1995.
G oup Tag Code Age at Capture

2 3 4 5 Tot al
1989 Brood
Al 07-55-14 0 7 90 94 191
A2 07-55-06 0 3 73 64 140
Bl 07-55-17 0 1 111 51 163
B2 07-55-18 1 3 98 94 196
d 07-54-63 0 8 157 107 272
c2 07-55-03 0 1 160 85 246
D 07-55-07 0 2 85 41 128
D2 07-55-08 0 5 82 75 162
El 07-55-09 0 0 2 9 11
E2 07-55-10 0 1 15 5 21
Fl 07-55-11 0 0 9 0 9
F2 07-55-12 0 12 14 9 35
a 07-55-05 0 0 2 10 12
QK 07-55-13 0 0 4 7 11
Dex| 07-55-16 0 18 276 129 423
Dex?2 07-55-15 0 14 228 109 351
1990 Brood
A 07-56- 32 0 0 0 0
A2 07-56- 31 1 1 25 27
Bl 07-40-44 0 0 3 3
B2 07-40-43 0 1 8 9
d 07-56-34 0 2 6 8
c2 07-56- 33 0 0 1 1
D 07-56- 36 0 0 3 3
D2 07-56-35 0 0 12 12
El 07-56-37 0 0 0 0
E2 07-56-38 0 0 1 1
Fl 07-56- 39 0 0 0 0
F2 07-56-40 0 0 5 5
€] 07-56-41 0 0 0 0
(€] 07-56-42 0 5 6 11
Dex| 07-56-43 0 9 16 25
Dex2 07-56-44 7 6 24 37
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Table 20 (cont.)

G oup Tag Code Age at Capture

2 3 4 S 6 Tot a
1991 Brood
Al 07-59-21 0 4 - -- - 4
A2 07-59-22 0 1 -- - - 1
Bl 07-59-35 0 0 - -- -- 0
B2 07-59-36 0 1 -- - -- 1
C1 07-59-23 0 2 - - - 2
C2 07-59-24 0 7 - T e - 7
D1 07-59-25 0 0 - -- - o
D2 07-59-26 0 0 - - - 0
El 07-59-27 0 2 - -- - 2
E2 07-59-28 0 0 - - - 0
F1 07-59-29 (] 2 - -- -- 2
F2 07-59-30 o 0 -- - - 0
Gl 07-59-31 0 2 -- -- - 2
G2 07-59-32 0 0 - -- -- 0
Dexl 07-59-33 0 11 - - -- 11
Dex2 07-59-34 0 ' - -- -- 4
1992 Brood
Al 07-63-23 1 -- -- -- -- 1
A2 07-63-22 1 - -- -- -- 1
Bl 07-63-37 1 - -- -- -- 1
B2 07-63-36 2 -—- -- -- -- 2
c1 07-63-24 4 .- -- 4
c2 07-63-25 0 -- -- -- -- 0
D1 07-63-26 0 -- -- -- -- 0
D2 07-63-27 1 - -- -- -- 1
"El 07-63-28 1 - -- -- -- 1
E2 07-01-28 0 -- .- -- -- o
F1 07-01-29 0 -- -- -- -- 0
F2 07-01-30 1 -~ -- -- -- 1
Gl 07-01-31 0 - -- -- -- 0
G2 07-01-32 Y - -- -- -- 0
Dexl 07-01-33 17 - -- --' -- 17
Dex2 07-01-34 15 -- -- -- -- 15
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Table 21. Percent recovery of adult -fish derived from
experimental groups released from Willamette Hatchery, 1991-
1994. Data is incomplete and represents only that available
as of June 1995.

Group Tag Code Number Number Percent
Released® Recovered Recovery

1989 Brood ,

Al 07-55-14 32,494 191 0.588
A2 07-55-06 27,950 140 0.501
Bl 07-55-17 20,684 163 0.788
B2 07-55-18 20,031 196 0.978
C1 07-54-63 31,531 272 0.863
c2 07-55-03 32,078 246 0.767
D1 07-55-07 33,317 128 0.384
D2 07-55-08 28,975 162 0.559
El 07-55-09 26,246 11 0.042
E2 07-55-10 29,440 21 0.071
F1 07-55-11 28,087 -9 0.032
F2 07-55-12 30,366 35 0.115
Gl 07-55-05 27,404 12 0.044
G2 07-55-13 26,596 11 0.041
Dex1 07-55-16 33,277 423 1.271
Dex2 07-55-15 32,993 351 1.064
1990 Brood

Al 07-56-32 32,678 0 0.000
A2 07-56-31 32,121 27 0.084
Bl 07-40-44 19,345 3 0.016
B2 07-40-43 20,091 9 0.045
Ci 07-56-34 31,198 8 0.026
Cc2 07-56-33 31,527 1 0.003
D1 07-56-36 31,653 3 0.009
D2 07-56-35 32,886 12 0.036
El 07-56-37 32,108 0 0.000
E2 07-56-38 29,778 1 0.003
F1 07-56-39 28,853 0 0.000
F2 07-56-40 30,804 5 0.016
Gl 07-56-41 32,747 0 0.000
G2 07-56-42 32,103 11 0.034
Dex1 07-56-43 33,082 25 0.076
Dex2 07-56-44 33,045 37 0.112

¥Refers to the number of tagged fish released. This is
determined by multiplying the number of total fish released
(from liberation truck displacements) times the proportion
of tagged fish to total fish at the time of tagging.
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Table 21. (cont.)

Group Tag Code Number Number ° Percent
Released® Recovered Recovery

1991 Brood

Al 07-59-21 30,298 0 0.000
A2 07-59-22 29,253 1 0.003
Bl 07-59-35 19,792 (] 0.000
B2 07-59-36 19,968 1 0.00S
(o31 07-59-23 31,119 2 0.006
c2 07-59-24 29,993 7 0.023
D1 07-59-25 27,120 0 0.000
D2 07-59-26 27,832 0 0.000
El 07-59-27 22,807 2 0.009
E2 07-59-28 23,691 0 0.000
F1 07-59-29 27,340 2 0.007
F2  07-59-30 25,649 0 0.000
Gl 07-59-31 28,135 2 0.007
G2 07-59-32 26,071 ] 0.000
Dexl 07-59-33 31,647 11 0.035
Dex2 07-59-34 31,505 4 0.013
1992 Brood

Al 07-63-23 31,518 1 0.003
A2 07-63-22 29,866 1 0.003
Bl 07-63-37 17,550 1 0.006
B2 07-63-36 17,550 2 0.011
c1 07-63-24 29,691 4 0.013
C2 07-63-25 27,145 0 0.000
D1 07-63-26 31,799 0 0.000
D2 07-63-27 29,694 1 0.003
El 07-63-28 23,923 1 0.004
E2 07-01-28 22,640 0 0.000
F1 07-01-29 27,357 0 0.000
F2 07-01-30 26,619 1 0.004
Gl 07-01-31 28,615 (] 0.000
G2 07-01-32 27,493 0 0.000
Dexl 07-01-33 32,000 17 0.053
Dex2 07-01-34 31,892 15 0.047

#Refers to the number of tagged fish released. This is
determined by multiplying the number of total fish released
(from liberation truck displacements) times the proportion
of tagged fish to total fish at the time of tagging.
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Fi gure 47. Percent recoveries of 1989-brood chinook sal non
reared in experinental raceways at WIlanette Hatchery.
Recoveries are still inconplete and the data should be consi dered

as prelimnary. Val ues are averages of recoveries fromthe two

replicate raceways.
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SUMMARY

1) Ammonium excretion rates (AERs) were calculated by
determination of fish size from fitted growth curves, and
ammonium concentrations and flow rates of the effluent water.

2) Much of the yearly variation in AER could be described
by the relatively simple formula:

AER = e A/T+B
where AER is expressed as ug NH4 excreted/hr/kg fish, T is the
absolute temperature (°K), and A and B are constants presented in
Table 6 for the four brood years.

3) The use of this simple formula permitted estimates of
fish populations when water temperature, fish/kg, ammonium
concentrations, and water flow were known. Correspondence to
other measurements of fish populatiqp were not particularly good,
but refinements of the method may prove useful for non-stressful
estimates of populations.

4) Measurements of both AER and urea excretion rates (UER)
suggested that fish in the Michigan pond series were metabolizing
much more rapidly than fish of corresponding densities in the
raceway series.

S) Diel cycles of ammonium excretion occur with the maximum
excretion levels closely following changes in water temperature.
Excretion at the same temperature, however, is much greater

during the active daylight hours than at night.
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6) Urea excretion rates did not undergo diel changes and
seemed to be highly variable. In February 1994, after fish had
been starved for three days, urea excretion rates were elevated.
Further study is required to determine if there is a relationship
between ammonium and urea excretion in chinook salmon that is
determined by food intake or whether the increased urea excretion
is a function of the onset of smolting in the spring.

7) Unionized ammonia concentrations did not at any time
reach levels currently considered deleterious to fish health. As
fish rearing density increased, the pH of effluent water
decreased, which reduced the dissociation of ammonium ions into
unionized ammonia. We feel that in unbuffered surface water,
unionized ammonia will probably never reach the deleterious
levels indicated in the literature, regardless of rearing
density. However, preliminary returns of marked fish in the
Michigan pond series showed reduced survival, suggesting that, in
addition to other factors considered in later reports, levels of
NH3 or NH4 below that necessary for visible lesions may cause
rearing stresses that result in impaired ability to survive to
adulthood.

8) Preliminary analysis of recoveries of adults from
experimental rearing groups indicated that survival was inversely
related to rearing density, oxygen could help relieve the effects
of increased rearing density, and fish reared in Michigan ponds
were recovered in much lower numbers than fish reared at similar

densities in raceways.
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APPENDIX A

Growth Parameters for Chinook Salmon reared in Experimental
Raceways at Willamette Hatchery, 1990-1994.°

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1990-1991
Group A2
August 39,572 147.1 6.8 269.1
September 39,511 78.7 12.7 501.8
October 39,487 46.1 21.7 856.9
November 39,441 34.2 29.2 1151.7
December 39,393 35.1 28.5 1122.7
January 39,362 37.3 26.8 1054.9
Februgry 39,331 36.0 27.8 1093.4
March 33,300 26.0 38.5 1280.8
Group B2
August 20,012 166.7 6.0 120.1
September 19,968 86.2 11.6 231.6
October 19,932 39.2 25.5 508.3
November 19,903 37.6 26.6 529.4
December 19,872 36.4 27.5 546.5
January 19,842 31.9 31.3 621.1
Februgry 19,814 31.1 32.2 638.0
March 18,264 24.2 41.3 757.7
Group C2
August 38,976 149.3 6.7 261.1
September 38,904 85.5 11.7 455.2
October 38,853 45.2 22.1 858.7
- November- 38,826 37.7 26.5 1028.9
December 38,785 37.5 26.7 1035.6
January 38,738 33.3 30.0 1162.1
Februgry 38,706 32.5 30.8 1192.1
March 38,960 23.4 42.7 1664.9

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1990-1991
Group D2
August 116,964 163.9 6.1 713.5
September 116,968 91.7 10.9 1272.8
October 116,932 51.8 19.3 2250.9
November 116,903 37.0 27.0 3146.3
December 116,872 38.6 25.9 3015.0
January 116,842 38.2 26.2 3048.3
Februgry 116,814 35.1 28.5 3314.2
March 100,792 26.7 37.5 3774.5
Group E1
August 59,621 158.7 6.3 375.6
September 59,551 100.0 10.0 595.5
October 59,489 61.3 16.3 969.7
November 59,432 48.3 20.7 1230.2
December 59,401 44 .1 22.7 1348.4
January 59,372 51.8 19.3 1145.9
Februgry 59,346 49.5 20.2 1198.8
March . 47,260 34.6 28.9 1365.9
Group F1
August 59,025 149.3 6.7 395.5
September 58,961 85.5 11.7 689.8
October 58,932 51.8 19.3 1137.4
November 58,877 40.0 25.0 1471.9
December 58,831 38.0 26.3 1547.3
January 58,791 35.0 28.6 1681.4
Februgry 58,747 40.5 24.7 1451.1
March 50,480 30.2 33.1 1671.5
Group G1
August 59,740 169.5 5.9 352.5
September 59,696 102.0 9.8 585.0
October 59,667 58.5 17.1 1020.3
November 59,608 45.7 21.9 1305.4
December 59,578 45.9 21.8 1298.8
January 59,543 41.8 23.9 1423.1
February 59,508 35.3 28.3 1684.1
March 49,341 32.7 30.6 1508.9

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1991-1992

Group Al
August 39,304 64.7 15.5 607.7
September 39,293 38.3 26.1 1026.5
October 39,272 27.5 36.4 1428.1
November 39,265 25.7 ' 38.9 1525.4
December 39,102 25.7 38.9 1519.1
January 39,086 24.9 40.2 1572.2
February 39,046 22.9 43.7 1704.9
March 38,881 22.9 43.7 1697.9

Group A2
August 39,709 64.2 15.6 618.1
September 39,705 40.3 24.8 916.2
October 39,694 30.1 33.2 1317.0
November 39,694 28.8 34.7 1377.3
December 39,663 28.8 - 34.7 1376.2
January 39,649 25.3 39.5 1567.2
Februgry 39,597 22.5 44 .4 1762.8
March 38,511 23.3 43.0 1654.3

Group Bl
August 20,505 58.7 17.0 349.1
September 20,498 38.9 25.7 526.4
October 20,485 28.6 35.0 716.3
November 20,481 24.2 41.3 846.3
December 20,464 23.5 42.6 869.3
January 20,456 23.5 42.6 869.0
February 20,416 " 20.1 49.8 1017.5
March 19,345 19.9 50.3 972.6

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1991- 1992
Group B2
August 20,029 58.7 17.0 341. 1
September 20, 024 41. 1 24. 3 486. 7
October 20, 009 28.2 35.5 710.5
November 20, 000 26.8 37.3 745. 2
December 19, 978 29.5 33.9 677.6
January 19, 971 26. 2 38.2 762. 8
Februgry 19, 928 23.0 43.5 866. 8
March 21, 546 22.6 44. 3 954. 6
Group C
August 39,653 69.1 14.5 574.0
September 39,638 45. 8 21.9 866. 4
October 39, 621 30.1 33.2 1314.8
November 39, 615 26.8 37.3 1476. 2
December 39, 546 26. 4 37.9 1498. 2
January 39, 529 26.0 38.5 1522.9
February 39, 474 22.2 45.0 1774.9
March 37,420 22.2 45.0 1684. 1
Group C2
August 39,484 83.4 12.0 473. 7
September 39,480 46. 4 21.5 850. 7
October 39,452 33.0 30.3 1195.7
November 39,452 29.9 33. 4 1318.8
December 39,432 30.8 32.5 1280. 6
January 39, 411 27.7 36.1 1422.2
February 39, 326 24.9 ho. 2 1582. 4
March 37,474 24.7 40.5 1518. 4
Group D1
August 118, 553 77.9 12.8 1522.7
September 118, 503 49.5 20. 2 2394. 2
October 118, 460 34.5 29.0 3429.9
November 118, 452 31.9 31.4 3714.0
December 118, 367 30.8 32.5 3843. 9
January 118, 325 31.5 31.8 3762.0
February 118, 151 27.0 37.0 4370.9
March 113, 436 27.0 37.0 4195.1

*Estimated from displacement measurements 1n liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1991-1992

Group D1
August 118,343 84.1 11.9 1407.6
September 118,313 50.2 19.9 2358.5
October 118,268 : 39.6 25.3 2986.8
November 118,268 35.4 28.2 3339.3
December 118,178 31.7 31.6 3730.2
January 118,120 32.8 30.5 3603.2
Februgry 117,897 29.2 34.3 4040.9
March 120,854 29.3 34.2 4127.5

Group El1
August 59,516 78.1 12.8 761.8
September 59,508 46.2 21.6 1287.8
October 59,504 38.9 25.7 1528.1
November 59,504 29.3 34.2 2033.9
December 59,502 34.8 28.8 1711.9
January 59,493 32.3 30.9 1839.5
Februgry 59,442 35.6 28.1 1668.6
March 58,016 34.5 29.0 1681.6

Group E2
August 59,359 72.2 13.9 822.5
September 59,356 53.9 18.5 1100.9
October 59,350 45.1 22.2 1315.6
November 59,350 38.1 26.3 1558.9
December 59,345 39.2 25.5 1514.9
January 59,338 33.7 29.7 1762.2
Februgry 59,289 34.6 28.9 1713.9
March 53,524 35.1 28.5 1527.1

Group F1
August 59,332 74 .8 13.4 793.4
September 59,327 45.5 22.0 1302.9
October 59,334 36.5 27.4 1624 .4
November 59,334 33.0 30.3 1797.6
December 59,319 30.6 32.7 1939.8
January 59,313 29.5 33.9 2012.0
Februgry 59,277 29.9 33.4 1980.0
March 51,952 29.9 33.4 1736.4

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg
1991-1992
Group F2
August 59,357 78.3 12.8 758.1
September 59,353 46.2 21.7 1285.1
October 59,348 40.7 24.6 1458.9
November 59,348 32.5 30.7 1823.3
December 59,346 30.1 33.2 1969.8
January 59,341 29.5 33.9 2013.6
Februgry 59,293 28.9 34.6 2049.9
March 55,455 28.8 34.7 1922.9
Group G1
August 59,593 78.1 12.8 763.1
September 59,588 46.2 21.6 1289.8
October 59,577 36.1 27.7 1651.2
November 59,577 32.8 30.5 1817.5
December 59,571 32.6 30.7 1829.8
January 59,561 32.3 30.9 1842.0
Februgry 59,316 29.2 34.3 2033.7
March 58,804 29.0 34.5 2029.8
Group G2
August 59,621 77.2 13.0 772.1
September 59,615 49.3 20.3 1209.6
October 59,605 36.1 27.7 1651.7
November 59,605 28.6 35.0 2083.8
December 59,593 27.5 36.4 2166.8
January 59,538 28.8 34.7 2065.4
February 59,274 28.8 34.8 2061.0
March 57,627 28.5 35.1 2022.7
1992-1993
Group Al ,
August 39,417 50.0 20.0 789.2
September 39,401 30.3 33.0 1301.1
October 39,390 26.2 38.2 1505.5
November 39,324 23.7 . 42.1 1656.4
December 39,304 22.4 44 .6 1753.8
January 39,286 22.6 44 .2 1737.3
Februgry 39,259 20.6 48.6 1908.8
March 37,014 20.4 49.0 1814.4

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg G/Fish Total
Group Fish kg -
1992-1993

Group A2
August 39,519 48.3 20.7 818.4
September 39,499 38.8 25.8 1019.4
October 39,471 36.9 27.1 1070.0
November 39,446 40.6 24.6 970.7
December 39,414 32.9 30.4 1198.6
January 39,385 27.5 36.4 1434.0
Februgry 39,352 27.9 35.8 1409.2
March 36,480 20.9 47.8 1745.5

Group Bl
August 19,849 43.9 22.8 4525
September 19,839 32.6 30.7 609.0
October 19,837 24.9 40.2 797.4
November 19,833 22.7 44.1 874.6
December 19,811 23.8 42.1 834.0
January 19,804 22.9 43.7 865.4
Februgry 19,794 20.1 49.7 983.7
March 19,792 19.9 50.3 994 .6

Group B2
August 19,868 44.3 22.6 448.8
September 19,839 33.5 29.9 592.9
October 19,807 29.8 33.6 665.3

November 19,782 27.1 36.9 729.7
December 19,754 24.5 40.9 807.7
January 19,734 21.6 46.3 913.4
Februgry 19,711 21.6 46.3 912.4
March 19,615 21.2 47.3 927.6

Group C1l
August 39,428 51.9 19.3 759.7
September 39,416 31.1 32.2 1267.3
October 39,398 27.7 36.1 1420.4
November 39,386 23.3 42.9 1687.8
December 39,367 24.0 41.7 1639.7
January 39,355 21.3 46.9 1843.9
Februgry 39,343 20.1 49.8 1957.4
March 38,211 18.5 54.1 2065.5

"Estimated from displacement measurements in liberation

trucks.
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Appendix A (cont).

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1992-1993
Group C2
August 39, 966 44. 6 22.4 896.7
September 39, 940 32.2 31.0 1239. 6
October 39, 894 26. 2 38.2 1525. 4
November 39, 860 24. 2 41. 3 1647.6
December 39, 830 24. 2 41. 3 1646. 4
January 39, 804 22.9 43.7 1740.8
February 39, 775 19.7 50. 8 2022.0
March 38, 023 20. 6 48. 5 1845. 8
Group D1
August 118, 501 50. 4 i9.9 2352.1
September 118, 439 32.7 30.6 3618.1
October 118, 394 27.5 36. 4 4303. 4
November 118, 364 23. 8 42.1 4977.0
December 118, 331 24.9 40. 2 4750. 8
January 118, 290 21.6 46. 4 5482. 6
Februgry 118, 219 23.7 42.2 4982. 8
March 101, 943 20. 7 48. 3 4924. 8
Group D2
August 119, 590 51.7 19. 4 2314.0
September 119, 507 34.9 28. 7 3423. 8
October 119, 432 27.7 36.1 4305. 5
November 119, 369 26.0 38.5 4589. 7
December 119, 288 24. 7 40. 6 4837. 1
January 119, 180 24.9 40. 2 4785.0 .
February 119, 128 23. 7 42. 3 5033.1
March 105, 792 21. 2 47. 2 4993. 4
Group El
August 59,214 47.5 21.0 1245. 6
September 59, 189 40. 3 24.8 1470.0
October 59, 152 25.1 39.8 2356. 4
November 59, 139 27.1 36.9 2184. 3
December 59, 077 28. 4 35.2 2081. 6
January 59, 013 26. 4 37.8 2232. 8
February 58, 969 28.0 35.7 2107. 3
March 42,883 26. 8 37.3 1600. 1

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont.)

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1992-1993

Group E2
August 59,091 56.0 17.9 1056.0
September 59,066 42.3 23.7 1398.1
October 59,048 30.1 33.3 1964.5
November 59,017 28.9 34.6 2040.2
December 58,951 29.8 33.6 1979.0
January 58,700 32.0 31.3 1835.6
Febru;ry 58,131 29.2 34.3 1992.2
March 44,016 28.7 34.8 1533.7

Group F1
August 58,432 52.1 19.2 1121.2
September 58,389 37.9 26.4 1540.8
October 58,352 31.5 31.8 1854.9
November 58,304 26.2 38.2 2226.5
December 58,265 26.0 38.5 2242.5
January 58,169 25.8 38.8 2256.3
Februgry 58,114 26.3 38.1 2213.4
March 50,580 26.3 38.0 1923.2

Group F2
August 58,284 54.0 18.5 1079.8
September 58,225 36.3 27.5 1602.7
October 58,201 31.0 32.2 1875.6
November 58,163 24.7 40.5 2357.1
December 58,101 28.2 35.4 2058.3
January 57,773 25.8 38.7 2237.3
Februgry 56,442 24.5 40.8 2304.3
March 47,500 27.3 36.6 1739.9

Group G1
August 59,193 56.4 17.7 1049.9
September 59,138 38.0 26.3 1557.5
October 59,102 28.4 35.2 2082.6
November 59,065 24.7 40.5 2394.3
December 59,016 29.3 34.1 2014.6
January 58,963 26.2 38.1 2248.7
February 58,931 25.8 38.8 2288.7
March 52,786 25.4 39.4 2317.5

"Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont).

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1992-1993
Group G2.
August 59,059 52.2 19.2 1132.5
September 59,002 39.2 25.2 1485. 5
October 58,976 31.1 32.2 1897. 6
November 58,950 26.0 38.5 2268. 2
December 58, 924 26. 2 38.2 2249. 5
January 58, 685 26.7 37.5 2199.3
February 57,676 24. 6 40. 6 2340. 3
March 49, 191 28. 7 34.8 1711.8
1993-1994
Group Al
August 39,563 89.2 11.2 443. 7
September 39,524 52.0 19.2 759.5
October 39, 492 40. 3 24. 8 980.0
November 39, 474 44. 8 22. 3 880.9
December 39, 462 36.1 27. 7 1093.7
January _ 39, 407 36.3 27.5 1084.3
February 38, 955 34.9 28.7 1118.0
Group A2
August 39, 511 78.7 12. 7 501.8
September 39, 487 46. 1 21. 7 856. 9
October 39, 441 34.2 29. 2 1151.7
November 39, 393 35.1 28.5 1122. 7
December 39, 362 37.3 26. 8 1054.9
January 39, 331 36.0 27. 8 1093. 4
February 36, 525 33.1 30. 2 1103.1
Group Bl
August 39, 511 78.7 12. 7 501.8
September 39, 487 46.1 21. 7 856. 9
October 39, 441 34.2 29. 2 1151.7
November 39, 393 35.1 28.5 1122. 7
December 39, 362 37.3 26. 8 1054.9
January 39, 331 36.0 27. 8 1093.4
February 36, 525 33.1 30. 2 1103.1

"Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont.)

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1993-1994
Group B2
August 19,968 86. 8 11.6 231.6
September 19,932 39.2 25.5 508. 3
October 19,903 37.6 26.6 529. 4
November 19, 872 36. 4 27.5 546.5
December 19, 842 31.9 31.3 621.1
January _ 19,814 31.1 32.2 638.0
February 17,550 28. 6 35.0 614. 3
Group C1
August 39,612 97.3 10. 3 407.1
September 39,592 50. 6 19.8 783.0
October 39, 558 35.6 28.1 1110.7
November 39, 525 36.8 27.2 1074.2
December 39, 506 35.7 28.0 1105.2
January 39, 475 29.9 33.5 1321.5
February 36, 704 32.5 30.8 1129.4
Group C2
August 38, 904 85.5 11.7 455. 2
September 38, 853 45, 2 22.1 858. 7
October 38, 826 37.7 26.5 1028. 9
November 38, 785 37.5 26. 7 1035.6
December 38, 738 33. 3 30.0 1162.1
January 38, 706 32.5 30.8 1192.1
February 33, 082 30.5 32.8 1085.1
Group D1
August 116,808 113.0 8.8 1033.4
September 116,742 59.4 16. 8 1966.8
October 116,642 40. 7 24.5 2863. 2
November 116,519 44. 4 22.5 2627. 2
December 116,442 40. 9 24. 4 2846. 7
January . 116,355 37.0 27.0 3147.1
February 116, 110 37.4 26. 7 3104.5

*Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont.)

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1993-1994

Group D2
August 116,768 91.7 10.9 1272.8
September 116,628 51.8 19.3 2250.9
October 116,528 37.0 27.0 3146.8
November 116,408 38.6 25.9 3015.0
December 116,347 38.2 26.2 3048.3
January x 116,286 35.1 28.5 3314.2
February 108,378 35.8 27.9 3023.7

Group E1
August 59,551 100.0 10.0 595.5
September 59,489 61.3 16.3 969.7
October 59,432 48.3 20.7 1230.2
November 59,401 44.1 22.7 1348.4
December 59,372 51.8 19.3 1145.9
January x 59,346 49.5 20.2 1198.8
February 44,505 47.4 21.1 938.9

Group Eé
August 59,014 87.8 11.4 672.9
September 58,997 54.3 18.4 1085.7
October 58,966 45.2 22.1 1303.3
November 58,951 49.0 20.4 1202.7
December 58,935 41.3 24.2 1426 .4
January 58,926 34.2 29.2 1720.8
February 41,760 38.2 26.2 1093.2

Group F1
August 58,961 85.5 11.7 689.8
September 58,932 51.8 19.3 1137.4
October 58,877 40.0 25.0 1471.9
November 58,831 38.0 26.3 1547.3
December 58,791 35.0 28.6 1681.4
January . 58,747 40.5 24.7 1451.1
February 50,460 38.3 26.1 1317.0

“Estimated from displacement measurements in liberation
trucks.
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Appendix A (cont.)

Year, Number of Fish/kg g/Fish Total
Group Fish kg
1993-1994
Group F2
August 59,023 89.7 11.1 658.0
September 59,010 50.9 19.6 .1159.4
October 58,982 43.4 23.0 1359.4
November 58,969 42.1 23.7 ‘1400.4
December 58,950 44 .2 22.6 1335.1
January 58,934 31.8 31.4 1853.3
February 49,077 37.6 26.6 1305.2
Group G1
August 59,696 102.0 9.8 585.0
September 58,667 58.5 17.1 1020.3
October 58,608 45.7 21.9 1305.4
November , 58,578 45.9 21.8 1298.8
December 58,543 41.8 23.9 1423.1
January 58,508 35.3 ©28.3 1684.1
February 53,235 37.2 26.9 1431.0
Group G2
August 59,674 104.5 9.6 571.2
September 58,665 58.6 17.1 1018.6
October 58,606 45.1 22.2 1321.6
November 58,584 44.9 22.3 1327.1 .
December 58,559 44 .3 22.6 1344 .4
January « 58,541 38.4 26.1 1552.4
February 51,136 41.3 24.2 1238.2

*Estimated from displacement measurements in liberation
trucks.
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Experimental Receways at Villamette Natchery, 1990-199%%.

Asmonium Concentrations (micrograms per liter) for

Yeor, Inflou Al A2 " cl [ 01 Inflow Inflow El 4] ¢ &
date

1990-1991 Reering Yeer

08/05/90 0.00 0.08 0.02 0.07 0.38 0.02 0.08 0.36 0.37
08/12/98 0.00 0.06 0.04 0.11 0.2 0.03 0.07 0.19 0.3
08/19/90 0.09 0.07 0.04 0.06 0.22 0.01 0.08 0.3 0.41
08/26/90 0.06 0.08 0.01 0.07 0.20 0.08 0.07 0.22 0.33
09/02/90 0.05 0.10 0.07 0.08 0.16 0.06 0.10 0.20 0.44
09/09/90 0.02 0.08 0.06 0.10 0.14 0.02 0.08 0.14 0.3
09796790 0.00 0.08 0.06 0.07 0.09 0.06 0.08 0.13 0.19
09/23/90 0.02 0 01 0.8 0.06 0.11 .- 0.06 0.13 0.1
09730790 0.04 0.08 0.01 0.08 0.07 0.02 0.07 0.15 0.20
10707790 0.00 0.00 0.01 0.02 0.07 0.01 0.02 0.08 0.12
10/14/90 0.92 0.12 0.08 0.08 0.14 0.03 0.07 0.18 0.34
10/21/90 0.92 0.06 0.06 0.07 0.11 0.01 0.06 0.14 0.29
10/28/90 0.03 0.04 0.06 0.10 0.01 0.0 0.12 0.2¢
11704790  0.04 0.07 0.05 0.06 0.16 0.00 0.08 0.3 0.27
1171190 0.03 0.17 0.08 0.09 0.30 0.03 0.09 0.26 0.30
11/718/90 0.06 0.06 0.01 0.12 0.31 0.12 0.16 0.27 0.43
1M/85/9 0.01 0.11 0.07 0.11 0.37 0.01 0.0 0.16 0.11
12702/90 0.00 0.15 0.06 0.08 0.28 0.00 0.07 0.18 0.33
12/09/90 0.01 0.12 0.04 0.12 0.27 0.01 0.06 0.16 0.5
12716/90 0.04 0.11 0.07 0.12 0.20 0.00 0.08 0.17 0.24 '
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Apperdix B (cont.)

Yeor, Inflow Inflow Al A2 B 8 cl c2 )] 02 Inflow Inflow EI F1 [ 7] (] @
date

1990-1991 Reering Year

12/83/9 0.02 0.11 0.06 0.07 0.29 0.07 0.06 0.17 0.27
12/30/90 0.00 0.06 . 0.06 0.08 0.20 0.03 0.08 0.19 0.29
01/06/91 0.03 0.07 0.05 0.06 0.12 0.83 0.05 0.08 0.6
o1/13/91  0.01 0.01 0.01 0.00 0.11 0.00 0.02 0.06 0.11
01720791 0.05 0.11 0.05 0.10 0.13 0.04 0.08 0.17 0.27
01/21t/MMM. 0.06 0.08 0.09 0.87 0.13 0.01 0.13 0.19 0.27
02703/91 0.03 0.07 0.06 0.08 0.15 0.82 0.07 0.1s 0.1
02710/91 0.03 0.14 0.86 0.09 0.1 0.02 0.09 0.27 0.31
02/17/91  0.02 0.13 0.87 0.16 0.31 0.02 0.12 0.29 0.39
o/24/91 0.0 0.15 0.07 0.10 0.30 0.02 0.09 .21 0.44
1991-1992 Rearing Yeer
08/06/9% 0.00 0.03 0.15 ©0.25 0.12 0.14 0.26 0.16 0.36 ©0.5% ©0.07 0.03 0.9 0.17 0.9 0.39 0.68 0.58
os/13/M1 -- 0.00 - 0.17 -- 0.10 -- 0.13 -- 0.40 0.01 -- 0.13 -- 0.37 - 0.42 -
08/20/91 0.01 0.82 0.21 0.18 0.07 0.13 0.13 0.18 0.30 0.42 0.09 0.2 D-17 0.17 050 0.49 0.7 (.64
08/27/91 0.02 0.02 0.9 0.21 0.09 0.12 0.15 ©0.2¢ 0.3 0.9 002 0.02 0.26 0.88 0.50 0.20 0.67 0.41
09703791 0.00 0.3 0.15 0.8 0.10 ©0.%% 0.18 0.20 0.12 0.46 0.00 ©0.00 0.13 0.10 0.31 0.27 0.32 0.3
09710791 0.00 0.03 0.283 0.19 ©0.06 0.12 0.27 0.17 043 0.34 0.03 ©0.03 0.12 0.12 0.43 0.37 0.62 0.48
0oTM - 0.01 0.03 0.09 0.2 008 0.19 0.11 0.12 ©0.30 0.33 0.01 0.01 0.11 0.06 ©0.8 0.15 0.34 0.32
0972/ 0.03 - 0.25 -- 0.15 -- 0.15 - 0.32 -- -- 0.03 .- 0.12 - 0.40 - 0.36
10709/  0.02 0.0 0.19 0.24 o0-14 0.8 0.19 0.17 0.32 0.46 ©0.02 0.01 0.12 0.12 0.36 0.33 0.5 0.46
10708/9% 0.01 0.03 0.23 0.13 0.14 0.09 ©0.20 0.22 0.40 0.62 ©0.03 ©0.064 0.13 0.20 0.8 0.42 0.59 0.34
10/15/91 0.04 0.00 0.19 0.14 0.17 ©0.06 ©0.20 0.11 O0.48 0.27 0.00 0.05 0.10 0.10 0.29 0.39 0.32 0.40
WM 0.03 0.00 0.14 0.08 0.10 ©0.08 0.14 0.10 0.30 0.13 ©0.02 ©0.01 0.11 ©0.09 0.23 0.22 0.42 0.37
10729791 - 0.01 .- 0.10 -- 0.04 0.10 - 0.38 0.00 - 0.05 .- 0.2s -- 0.35 -- --
1 000 0.05 0.08 0.14 0.07 0.12 ©0.09 0.14 0.% 0.24 0.63 ©0.02 0.17 0.08 0.32 0.19 0.44 0.30
M9M 001 ©0.02 0.12 0.14 0.05 0.08 020 0.8 0.24 0.19 0.01 0.02 ©.09 0.10 -- 0.32 031 0.43
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Appendix B (cont.)

Yeer, Inflow Inflow Al A2

81 82 Cl c2 [ 1] p2 Inflow Inflow El E2 F1 Fe Cl e2
date

1991-1992 Reering Yeer
1172691 - - 0.04 - 0.14 -- 0.12 .- 0.08 .- 0.25 .- 0.04 - 0.17 - 0.2 .- 0.33
12703/9 0.02 0.03 0.10 0.12 0.10 ©0.08 0.10 0.10 0.16 0.21 0.03 ©0.00 0.07 0.11 0.14 0.2 0.27 0.34
12770/91  0.02 0.02 0.17 0.13 0.07 0.06 0.07 0.07 0.15 0.16 ©0.00 0.02 0.12 0.13 ©0.2¢ 0.25 045 0.33
2279 - - 0.02 -- 0.07 -- 0.05 .- 0.07 .- 0.15 - 0.01 - 0.10 .- 0.17 -- 0.27
127264/9% 0.02 - 0.08 .- 0.06 .- 0.05 .- 0.14 -- 0.03 .- 0.06 .- 0.15 .- 0.20 .-
72231/9 0.02 0.02 0.11 o0.09 0.07 0.05 ©0.06 004 0.10 0.10 0.02 0.01 0.07 ©0.08 0.19 0.16 0.22 0.3
01707792 0.0 0.02 0.09 0.09 0.06 005 O0.04 005 0.0/ ©0.08 0.01 0.03 0.06 0.06 0.10 0.16 0.20 0.2
01/%4/92 0.01 0.00 0.05 0.07 0.0 0.05 0.05 0.07 0.11 ©0.09 ©0.01 0.01L 0.06 0.06 0.15 0.16 0.24 0.23
021 /92 0.1 0.00 0.06 0.07 ©0.04 0.03 0.01 005 0.07 0.14 ©0.00 0.00 0.06 ©0.08 0.12 0.2 0.17 0.25
01/28/92 0.03 0.02 0.12 0.16 0.07 0.13 0.10 0.13 0.16 0.19 0.02 0.02 ©0.09 0.16 0.26 ©0.26 0.36 0.40
02704792 0.00 0.0¢ (003 0.08 0.02 0.0 005 005 0.11 0.13 ©0.0¢ ©0.00 0.09 0.0/ 0.15 0.9 0.31 0.31
02711792 0.02 0.02 0.20 0.9 0.12 0.10 0.14 0.11 0.40 0.25 0.01 0.02 0.16 0.10 0.33 ©0.29¢ 057 0.37
02/718/92 0.01 .- 0.08 .- 0.07 -- 0.10 -- 0.15 0.04 .- 0.08 .- 0.15 -- 0.23 .-
02/25/92 0.01 .- 0.12 - 0.07 .- 0.10 - 0.12 -- 0.01 -- 0.06 .- 0.16 .- 0.26 o=
1992-1993 Reearing Yeear
08/04/92 0 . 0 2 0.3 0.08 0.12 0.26
08/708/92 0.1 0.20 0.07 0.10 0.52 0.00 0.07 0.25 0.36
os/11/92 0.03 0.16 0.15 0.13 0.35 0.02 0.07 0.26 0.47
08/18/92 0.03 0.17 0.45 0.59
08/5/92 0.01 0.26 0.11 0.22 0.56
08/727/92 0.02 0.29 0.17 0.13 0.62 0.04 0.3 0.42 0.78
09701792 0.03 0.16 0.06 0.09 0.56 0.04 0.17 0.56 0.61
09/03/92 0.0) 0.24 0.15 0.14 0.51 0.3 0.29 0.39 0.50
09708/92 0.01 ] 0.17 0.03 0.11 0.38 0.17 0.31 0.54
09710792 0.01 0.12 0.08 0.06 0.39 0.01 0.26 0.44 0.56
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Appendix 8 (cont.)

Yeer, Inflow Inflow Al A2 ]} [~ Ccl c 01 02 Inflow Inflow EI €2 F1 7 6l -4
dete

1992-1993 Reering Yesr

09/15/92 0.02 0.20 0.08 0.12 0.37 0.00 0.09 0.3 0.27
w/17/92 0.03 0.19 0.14 0.14 0.31 0.03 0.18 0.32 0.51
09/22/92 0.01 0.29 0.16 0.17 0.53 0.03 0.16 0.26 0.47
09724792 0.07 0.21 0.14 0.15 0.34 0.02 0.15 0.26 0.41
09/29/92 0.02 0.16 0.36 0.56
10/01/92 0.02 0.19 0.12 0.13 0.34 0.02 0.2 0.37 0.62
10/06/92 0.03 0.11 0.06 0.10 0.24

10/08/92 0.01 0.15 0.09 0.12 0.33 0.01 0.2 0.32 0.44
10/13/92  0.01 0.17 0.12 0.15 0.41 0.03 0.15 0.28 0.40
10/15/92 0.02 0.14 0.10 0.12 0.41 0.02 0.17 0.3 0.40
10/20/92 0.02 0.09 0.07 0.07 0.28 0.01 0.13 0.40 0.50
10722792 0.03 0.16 0.12 0.15 0.41 0.01 0.17 0.36 0.56
10727792 0.03 0.10 0.07 0.10 0.26 0.03 0.12 0.16 0.30
10/29/92 0.01 0.10 0.07 0.13 0.42 0.01 0.19 0.37 0.50
11703/92 0.02 0.08 0.03 0.06 0.18 0.00 0.16 0.31 0.37
11705/92 0.00 0.04 0.02 0.01 0.17 0.00 0.10 0.23 0.35
14/10/92 0.02 0.11 0.07 0.14 0.29 0.03 0.08 0.19 0.23
11712792 0.01 0.09 0.07 0.09 0.34 0.01 0.14 0.26 0.3
1/17/92  0.03 0.10 0.08 0.09 0.35 0.03 0.14 0.16 0.32
11/19/92 0.00 0.04 0.05 0.03 0.11 0.0t 0.06 0.13 0.16
11724792 0.02 0.06 0.04 0.06 0.14 0.01 0.4 0.20 0.2¢
12/01/92 0.00 0.06 0.05 0.09 0.11 0.03 0.06 0.17 0.27
12/03/92 0.04 0.09 0.06 0.10 0.16 0.04 0.11 0.20 0.24
12/08/92 0.01 0.05 0.06 0.07 0.13 0.01 0.08 0.12 0.32

12710792 0.05 0.11 0.08 0.08 0.19 0.01 0.06 0.14 0.3




Sél

Appendix 8 (cont.)

Yeor, Inflow Inflow Al A2 [ )] [ 7] (o] | 2 1] 02 Inflow Inflow El (74 4] (74 1] @
date

1992-1993 Reering Yeer

12715792 0.01 0.08 0.% 0.3
1217/92 0.02 0.07 0.06 0.05 0.11 0.01 0.06 0.15 0.17
12722/92 0.03 0.07 0.04 ' 0.08 0.16

12724792 0.00 0.08 0.06 0.16 0.02 0.08 0.6 0.27
12728/92 0.03 0.10 0.06 0.09 0.18 0.03 0.06 0.14 0.5
12730792 0.04 0.10 0.06 0.09 0.24 0.01 0.08 0.19 0.2¢
01/05/93 0.01 0.10 0.21 0.26
01/12/93 0.00 0.04 0.03 0.03 0.11
01/14/93 0.01 . 0.08 0.02 0.03 0.07 0.01 0.03 0.10 0.15
01/19/93 0.0 0.03 0.01 0.03 0.09 0.02 0.06 0.12 0.13
01/21/93 0.0) 0.09 0.06 0.09 0.26 0.06 0.10 0.12 0.21
01/26/93 0.02 0.04 0.03 0.06 0.19 0.00 0.01 0.09 0.13
ov/28/93 0.04 0.12 0.07 0.11 0.17 0.01 0.16 0.3 0.31
02/02/93 0.03 0.12 0.04 0.15 0.20 0.01 0.8 0.11 0.16
02/04/93 0.03 0.12 0.04 0.08 0.22 0.0 0.08 0.13 0.19
02/09/93  0.02 0.11 0.06 0.07 0.20 0.03 0.12 0.24 0.31
02/11/93 0.00 0.07 0.06 0.06 0.08 0.01 0.06 0.13 0.23
02/16/93 0.00 0.10 0.02 0.03 0.11 0.02 0.09 0.16 0.28
02/18/93 0.02 0.05 0.04 0.8 0.07 0.0 0.06 0.11 0.13
02/23193 0.01 0.01 0.07 0.16
03/02/93 0.02 0.01 0.02 0.03 0.16
03/04/93 0.03 0.13 0.09 0.08 0.17 0.03 0.09 0.13 0.2
03/09/93 0.02 0.07 0.07 0.08 0.16 0.04 0.06 0.12 0.21
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Appendix B (cont.)

Yeor, Inflow Inflow Al A2 [ ) I - Cl c o1 02 Inflow Inflow El 74 FI F2 DI

10/26/93 0.02 0.15 0.08 0.09 0.14 0.03 0.10 0.27 0.53

(-]
date

1993-199%¢ Resring Yeer
08/03/93 0.05 0.11 0.08 0.07 0.19 0.04 0.09 0.29 0.32
08705793 0.00 0.12 0.04 0.06 0.29 0.00 0.63 0.13 0.26
08/10/93 0.02 0.12 0.08 0.10 0.13 0.05 0.12 0.23 0.37
08/12/93 0.02 0.13 0.07 0.14 0.27 0.06 0.12 0.5 0.42
08717793 0.02 0.21 0.10 0.12 0.21 0.03 0.14 0.27 0.49
08/19/93 0.03 0.15 0.06 0.13 0.36 0.00 0.14 0.33 0.52
08/24/93 0.03 0.14 0.09 0.09 0.19 0.03 0.14 0.28 0.41
08/726/93 0.02 0.14 0.07 0.09 0.20 0.05 0.12 0.22 0.3
08731793 0.0) 0.30 0.15 0.12 0.17 0.07 0.17 0.38 0.57
09/702/93 0.02° 0.17 0.07 0.12 0.37 0.00 0.23 0.3 0.42
09707793 0.01 0.11 0.11 0.07 0.30 0.02 0.15 0.34 0.48

. 09/09/93 0.03 0.20 0.15 0.11 0.49 0.02 0.18 0.43 0.60
09714793 0.03 0.19 0.13 0.11 0.28 0.03 0.16 0.33 0.44
09/716/93 0.02 0.16 0.09 0.14 0.22 0.01 0.14 0.2 0.31
09721793 0.01 0.08 0.01 0.07 0.13 0.01 0.11 0.11 0.28
09/23/93 0.01 0.10 “0.06 0.10 0.19 0.01 0.10 0.19 0.3
09/28/93 0.00 0.16 0.11 0.14 0.25 0.02 0.17 0.37 0.51
09/30/93 0.03 0.11 0.11 0.12 0.46 0.05 0.16 0.32 0.36
107/05/93 0.01 0.17 0.08 0.10 0.24 0.01 0.15 0.8 0.43
10707793 0.04 0.16 0.12 0.13 0.53 0.04 0.16 0.26 0.40
10712793 0.00 0.23 0.10 0.10 0.3 0.02 0.11 0.37 0.55
10714793 0.01 0.17 0.11 0.09 0.43 0.01 0.18 0.28 0.41
10719793 0.01 0.11 0.01 0.07 0.15 0.01 0.06 0.16 0.24
10721793 0.02 0.15 0.05 0.13 0.31 0.03 0.13 0.19 0.32
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Appendix B8 (cont.)

Yeer, Inflow Inflow Al A2 [ ] K cl c2 o1 02 Inflow Inflow EI E2 (3] F2 Cl [~
date

1993-199% Reering Yeer

10/728/93 0.02 0.17 0.08 0.14 0.30 0.02 0.13 0.19 0.28
11702793 0.02 0.10 0.04 0.03 0.10 0.01 0.08 0.12 0.22
11704793 0.02 0.07 0.01 0.09 0.20 . 0.01 0.07 0.12 0.25
11709793 0.04 0.08 0.01 0.10 0.13 0.04 0.06 0.11 0.13
11711793 0.04 0.08 0.06 0.06 0.11 0.01 0.09 0.11 0.13
11/16/93 0.00 0.09 0.06 0.06 0.14 0.01 0.08 0.17 0.19
11718793 0.01 0.09 0.08 0.10 0.09 0.0) 0.10 0.17 0.18
11/22/93 0.03 0.8 0.03 0.02 0.06 0.01 0.05 0.10 0.12
11724793 0.0V 0.01 0.03 0.04 0.17 0.00 0.03 0.12 0.13
11730793 0.02 0.07 0.02 0.03 0.09 0.00 0.03 0.09 0.14
12/02/93 0.02 0.07 0.05 0.10 0.10 0.02 0.07 0.12 0.17
12/708/93 0.01 0.08 0.01 0.08 0.17 0.04 0.13 0.18 0.17
12710793 0.06 0.07¢ 9.06 0.06 0.10 0.01 0.07 . 0.14 0.16
12714793 0.00 0.06 0.04 0.04 0.10 0.02 0.06 0.12 o.18
12716493 0.03 0.08 0.09 0.04 0.11 0.03 0.03 0.13 0.18
0/11/9% 0.03 0.07 0.08 0.06 0.13 0.0) 0.07 0.13 0.31
01/13/9¢ 0.09 0.19 0.17 0.15 0.19 0.01 0.13 0.21 0.32
0171879 0.03 0.06 0.04 0.02 0.03 0.02 0.04 0.06 0.10
01/20/96 0.03 0.06 0.08 0.08 0.14 0.05 0.13 0.16 o.21
01/25/9% 0.02 0.09 0.05 0.02 0.07 0.00 0.01 0.12 o.21
0172779 0.03 0.06 0.04 0.06 0.11 0.01 0.06 0.10 0.11
02/01/9¢ 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.8 0.06
02703796 0.00 0.01 0.05 0.03 0.08 0.03 0.10 0.17 0.17
02/08/9% 0.00 0.05 0.02 0.02 0.03 0.00 0.04 0.10 0.%
02710794 0.00 0.06 0.00 0.01 0.04 0.01 0.03 0.06 0.06
02/15/9¢ 0.02 0.12 0.09 0.06 0.08 0.02 0.01 0.18 0.5
/1779 0.01 0.10 0.06 0.07 0.13 0.01 0.09 0.17 0.3
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Tesperatures and piis for Experimsntal Raceways
at Uillamette Netchery, 1990-1994.

o
Ave
Year, Temp Inflow Inflow Al A2 81 82 ClI €2 o1 02 iInflow Inflow EI E F 2 ¢ &
date
1990-1991 Rearing Yeer
09/23/90 119 7.88 7.92 753 7.68 7.67 7.0 T2 7.42 6.92 7.15 7.8 T.88 7.51 7.61 7.11 7.21 6.95 6.92
09/30/90  11.7 7.77 7.46 7.66 7.39 7.19 7.66 7.32 7.24 7.01
10/07/90 7.5 8.02 7.63 7.9 7.9 7.34 8.04 7.62 7.39 7.20
10714790 8.6 8.06 7.62 7. 7.66 7.36 6.03 7.73 7.51 7.29
10/28/90 81 7.n 7.n 7.52 7.61 7.62 7.63 7.45 7.6 7.39 ?.5%4 7.66 7.U 7.53 7.59 7.31 7.56 7.11 7.50
11/704/90 7.8 7.47 7.20 7.26 7.17 6.98 7.33 7.15 7.05 6.26
1711790 6.4 7.52 7.39 7.3 7.37 7.4 7.46 T.30 7.29 7.4 7.12 7.47 751 1.20 7.9 ?.% 7.a 7.07 7.2
11718790 6.4 7.49 7.69 7.26 7.53 7.37 7.59 7.21 V.04 7.13 7.35 P ¥R 7.52 7.59 7.37 7.46 7.27 7.27 7.13
11/25/90 5.6 7.46 7.5 7.25 7.40 7.28 7.44 7.13 7.3 7.11 7.25 756 7.39 7.43 7.26 7.37 7.15 7.27 7.07
12/02/90 4.7 7.62 7.81 7.51 7.63 7.66 7.62 751 7.64 7.2 7.51 7.73 .78 753 7.8 7.37 7.24 1.2% 7.m
12/09/90 50 7.65 7.7 7.45 7.53 7.49 7.66 7.46 7.46 7.00 7.32 T.M 7.46 751 7.W 7.34 7.01 7.17 6.90
12/16/90 4.7 7.67 7.46 7.60 7.45 7.34 7.54 7.47 7.36 7.34
12/23/9% 0.6 7.5 1.60 .n 7.55 7.40 7.8 7.51 7.40 7.27
12730790 0.6 7.7 7.59 7.66 7.52 7.41 7.81 7.74 7.56 7.46
01706/ 2.2 7.73 7.u 7.51 7.35 7.26 7.59 7.36 7.29 7.15
01713/ 53 7.w 7.55 7.1 7.32 7.30 7.43 7.15 7.27 V.08 7.12 7.66 7.51 V.64 7.31 7.26 7.10 7.12 6.99
01720/ 3.6 ?.7M 7.62 7.5 7.49 7.56 7.5 7.54 7.36 7.25 7.17 7.64 TP 7.42 7.50 7.16 7.43 6.96 7.12
ovzrm 22 7.R 7.57 7.42 7.9 ¥.54 7.49 7.33 753 7.25 7.40 7.67 V.7 V.60 P?.M 7.4l 7.63 7.26 7.20
02/703/91 S.3 7.66 7.40 7.5 7.19 7.57 7.26 T7.56 7.09 745 6.93 T.40 749 729 7.41 1.2 7.32 6.8 7.41
02/10/91 4.7 7.47 757 7.27 7.35 7.3 7.39 7.19 7.32 6.W 7.14 7.64 7.27 7.56 7.10 ?.36 6.97 7.11 6.80
0217/ 5.6 7.61 7.42 7.50 7.34 6.61 7.59 7.42 7.10
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Appendix c (cont.)

ph
Ave
Yeeor, Tewp Inflow Inflow Al A2 81 82 ClI € ©01 p2 Inflow Inflow EI € F1 FfR 61 &
date
N
1991-1992 Reering Yeer
08/06/91 14.7 7.46 755 7.39 7.39 7.32 7.u 736 7.34 7.35 7.31 7.52 7.43 7.46 7.u 7.w 7.42 1.36 7.w
08/13/9 14.2 7.84 7.61 7.7 7.53 7.34 7.87 7.3 7.46 7.3
08720791 15.9 7.83 7.67 7.57 7.66 7.63 7.76 7.W 7.61 7.32 7.33 7.88 7.65 V.73 754 7.41 1.3 7.25 1.83
o8s271/Nn 2.2 ¥ 8.07 7.77 7.75 7.87 7.92 7.67 7.7 T.38 7.32 8.03 V.9 7.67 7.68 T.40 7.23 7.12 7.16
09703/91 13.4 7.w 8.02 761 7.7 7.75 7.8 7.46 7.64 7.30 7.35 8.06 7.9 V.8 7.w 7.w 7.38 7.25 7.2
09710791 12.3 803 7.97 7.1 7T.M 7.82 7.77 7.0 7.66 V.40 7.42 8.0% 8.04 7.88 7.80 7.5 7.5 7.31 7.37
09/17T/N 2.3 7.96 8.0 7.67 7.75 7.77 7.82 7.53 7.62 .38 7.28 T7.w V.99 V.81 7.8 7.w 7.w V.2 7.41
09/724/N 11.7  79:M 7.0 7.72 7.64 7.46 8.03 7.85 7.61 7.41
10701791 11.4 7.w 7.90 7.63 7.65 7.7 7.W 7.55 7.8% 7.42 7.34 7.95 7.98 7.6 7.90 7.9 7.58 7.37 7.37
10/708/91 9.7 7.9 7.9 7.68 766 7.6 7.R 7.63 7.0 7.46 7.3 7.95 8.00 7.81 7.82 7.33 7.61 7.23 7.31
10715/ 9.2 8.00 805 7.w 7.80 7.76 7.90 7.60 T.?MY 7.42 7.42 8.05 805 7.w 7.7 7.38 7.53 7.17 1.35
10/22/91 a.4 797 7.9% 766 7.7 7.7 766 7.62 T.7R 7.9 751 7.9 8.00 7.7 T.?6 7.43 7.50 7.P 7.31
11705/9 .- 7.62 7.45 7.54 7.40 7.m 7.w 7.47 7.20 6.96
1712971 9.7 7.47 TM™ 7.34 7.46 T7.36 T.60 7.28 7.34 6.98 7.20 7.59 7.60 T.49 T4 7.32 7.19 7.11 6.01
1M7999 8.1 762 7.5% 7.46 7.30 7.5 738 7.39 7.28 .83 7.14 7.61 7.59 7.39 7.5 7.32 7.36 7.10 7.16
11726/N 7.3 7.35 7.27 7.28 7.3 7.02 7.28 7.2 7.12 6.98
12703/ 7.0 T?.70 759 7.u 7.43 7.487.49 7.w 7.38 7.29 7.28 7.66 ?.¥& 7.53 7.54 7.38 7.36 7.2 T.22
12790/ 6.4 7.62 7.57 7.36 7.0 7. 7.47 7.32 7.37 7.21 7.24 7.67 V.58 7.47 7.46 7.33 7.36 T.% 7.20
/1m 6.2 7.56 7.u 7.50 7.w 7.26 7.56 7.52 7.41 7.3
12726/91 -- 7.66 T.48 7.54 T.44 7.35 7.76 7.66 7.43 7.50
12273:M 44 761 7.7 7.9 755 750 7.64 7.42 V.58 7.38 743 765 7.6 7.55 7.74 7.46 7.45 7.37 V.36
01/07/92 46 7.n T7.w 7.5 774 T7.68 7.w 7.61 7.75 7.45 7.5 T.9% 790 V.M 7.99 7.46 V.64 T.28 7.3l
01/14/92 56 766 7.n 7.64 7.5 7.67 7.61 758 7.58 742 746 796 V.09 7.57 V.73 7.45 7.42 1.2 7.27
01/721/92 50 7.w 7.63 757 7.62 7.67 7.9 7.43 759 737 7.39 790 7.93 7.77 7.82 7.52 7.55 7.37 7.28
01/28/92 67 7.9 7.n 757 7.5 764 7.63 756 7.53 737 737 7.9 792 T 7.6k 750 T.Mk 731 T.2%
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Appendix C (cont.)

(]
Ave
Yeor, Temp Inflow Inflow Al A2 B K CI € " D2 Inflow Inflow FEI E2 FH R al
date
1991-1992 Reering Year
02/04/92 4.8 7.84 7.n 759 740 7.74 765 751 758 7.38 7.46 7.92 7.93 7.74 7.83 7.4 7.66 7.27 7.34
02711792 6.7 7.74 7.86 7.53 7.62 7.60 7.72 7.46 V.60 7.31 7.45 7.85 7.98 7.68 7.23 T7.50 7.63 7.27 7.43
02/718/92 - 7.8 7.59 7.67 7.50 7.31 7.97 7.82 7.42 7.24
02/725/92 - 7.76 7.50 7.61 7.53 7.17 7.w 7.7 7.2 7.05
1992-1993 Rearing Yeer
08704792 16.3 7.98 .M 7.81 7.63 7.51 7.w 7.w 7.n 7.6
08711792 15.3 8.01 7.62 7.75 7.56 7.15 8.86 7.76 7.37 7.21
08725792 14.1 7.80 7.54 7.64 7.46 7.35 7.84 7.63 7.48 7.38
08727792 14.1 7.87 7.63 7.69 7.58 7.41 7.99 7.88 7.63 7.47
09701792 14.0 7.9 7.55 7.63 7.50 7.36 8.00 7.w 7.61 7.43
09703792 14.0 7.90 7.66 7.74 7.63 7.47 8.03 7.93 7.73 7.56
09708792 12.3 7.84 7.55 7.63 7.50 7.43 7.90 7.83 7.63 7.45
09710792 13.2 7.97 7.67 7.74 7.60 7.46 8.00 7.90 7.7 7.57
w/15/92 10.9 7.93 7.47 7.57 7.40 7.30 7.99 7.85 7.51 7.3
WF 1792 11.3 7.80 7.58 7.60 7.53 7.46 7.86 7.82 7.65 7.50
09722792 11.8 7.80 7.58 7.63 7.56 7.40 7.854 8.81 7.67 7.43
09/26/92 11.7 7.56 7.37 7.43 1.3 1.2 7.0 7.57 7.17 7.36
10701792 10.8 7.82 7.51 7.56 7.46 7.41 7.84 7.7 7.46 7.50
10706792 8.6 .7.67 7.56 7.60 7.52 7.31 7.62 7.50 7.42 7.32
10708792 9.6 7.59 7.43 7.50 7.39 1.34 7.62 7.59 7.52 7.41
10713792 7.8 7.58 7.33 7.42 7.29 7.19 7.93 7.53 7.29 7.13
10715792 7.6 7.77 7.51 7.R 7.46 7.u 7.66 7.66 7.58 7.50
10720792 10.0 7.51 7.39 T.44 7.36 7.32 7.50 7.54 7.47 7.36
10/22/92 6.6 7.51 7.35 7.40 7.28 7.2 7.46 7.39 7.34 7.26
10727792 8.8 7.57 7.48 7.51 7.42 7.38 7.58 7.54 7.48 7.33
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Appendix c (cont.)

[
Ave
Yeor, Temp Inflow Inflow Al A2 81 82 ClI ¢ D1 D2 Inflow Inflow EI € F FfR2 81
dete

1992-1993 Rearing Year

10/29/92 a7 7.40 7.25 7.30 7.21 7.17 7.45 7.31 7.27 7.21
11/03/92 8.0 7.45 7.36 7.40 1.3 7.32 7.58 7.48 7.41 7.33
11/05/92 7.7 7.53 7.46 7.48 7.40 7.31 7.76 7.47 7.41 7.32
11710792 5.0 7.56 7.41 7.49 7.36 7.25 7.62 7.48 7.34 7.2
11712792 5.7 7.56 7.42 7.49 7.41 7.23 7.n 7.60 7.48 7.18
1/17/92 7.4 7.58 7.40 7.46 7.36 7.2 7.93 7.53 7.29 7.13
11719792 5.5 7.63 7.46 7.50 7.43 7.25 7.77 7.50 7.35 7.19
11724792 5.6 7.46 7.28 7.31 7.25 7.14 1.7 7.68 7.28 7.08
12/01/92 7.3 7.u 7.30 7.37 7.22 7.16 7.72 7.62 7.23 7.11
Wowo2 5.1 7.42 7.31 7.36 7.26 7.17 7.59 7.35 7.27 7.16
12/08/92 - 7.64 7.35 7.40 7.27 7.17 .n 7.47 7.30 7.18
12/10/92 . 7.40 7.30 7.35 7.24 7.15 7.60 7.3 7.26 7.16
12/17/92 .- 7.50 7.41 7.46 7.3 7.29 7.51 7.47 7.37 7.29
12722/92 - 7.37 7.26 7.31 7.22 7.15 7.41 7.31 7.2 7.15
12724192 - 7.45 7.33 7.39 7.30 7.23 7.u 7.43 7.32 7.2
12729792 - 7.48 7.34 7.41 7.30 7.24 7.53 7.46 7.34 7.25
12730792 - 7.51 7.38 7.u 7.33 7.27 7.55 7.52 7.40 7.31
01/07/93 7.51 7.43 7.48 7.40 7.35 7.60 7.52 7.45 7.37
01/12/93 - 7.74 7.45 7.69 7.40 7.35 1.58 7.52 7.46 7.36
01/14/93 - 7.54 7.42 7.47 7.40 7.35 7.57 7.53 7.46 7.35
01/19/93 - 7.50 7.39 7.43 T1.35 7.31 7.60 7.49 7.43 7.3%
01721793 - 7.38  7.29 7.33 7.26 7.20 7.48 7.w 7.32 7.27
01/26/93 . 7.43 7.29 7.3 7.27 7.23 7.47 7.43 7.36 7.27
01/28/93 - 7.41 7.31 7.35 7.28 7.25 7.49 7.42 7.3 7.36
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Appendix C (cont.)

i
Ave

Yeer, Temp Inflow Inflow Al B K CI €@ o1 D2 Inflow Inflow EI E2 F F2 DI @

date
1992-1993 Rearing Yeer
02/02/93 5.1 7.49 7.35 7.40 7.32 7.27 7.57 7.51 7.44 7.32
02/04/93 4.6 7.38 7.30 7.32 7.27 7.3 7.42 7.40 7.35 1.27
0/09/93 6.0 7.42 7.27 7.31 7.24 7.2 7.48 7.44 7.5 1.3 ,
02/11/93 5.6 7.37 7.30 7.30 7.26 7.20 7.35 7.35 7.30 7.K
02/16/93 1.9 7.62 7.35 7.39 7.3 7.32 7.51 7.w 7.46 7.36
02/18/93 3.8 7.43 7.32 7.35 7.30 7.24 “7.36 7.35 7.31 7.2
03/02/93 5.2 7.60 7.50 7.53 7.u 7.41 7.w 7.66 7.55 7.43
03/04/93 5.2 7.38 7.30 7.33 7.29 7.24 7.47 7.44 7.37 7.b
03/09/93 5.9 7.30 7.20 7.3 7.15 7.12 7.37 7.33 7.26 7.17
Rating Yeer 1993-199¢
08/03/93  14.1 7.74 7.67 7.w 7.65 7.6 7.81 7.9 7.69 7.64
08/05/93  16.1 7.50 7.38 7.41 7.33 7.29 7.43 7.38 7.36 7.32
08/10/93  12.7 7.61 7.47 7.53 7.u 7.31 7.66 7.53 7.43 7.26
08/12/98  12.7 7.9 7.74 7.8 7.67 7.w 7.92 7.27 7.5 7.K
08/17/93 120 7.w 7.74 7.m 7.7 7.56 7.90 7.8 7.66 7.50
08/19/93  11.7 7.92 7.7 7.K 7.66 7.49 7.98 7.6 7.67 7.51
08/26/93 11.7 T7.70 7.46 7.57 7.44 7.30 7.92 7.65 7.45 7.26
08/26/93  10.6 7.67 7.68 7.8 7.64 7.54 7.90 7.83 7.72 7.58
08/31/98 12.0 7.70 7.54 7.65 7.48 7.35 7.66 7.52 7.41 7.27
09/02/93  11.5 7.n 7.57 7.66 7.48 7.37 7.66 7.63 7.52 7.40
09/07/93  13.3 7.m 7.68 7.74 7.60 7.u 7.92 7.82 7.59 7.37
09/09/93  13.1 7.63 7.w 7.49 7.32 7.20 7.67 7.57 7.38 7.2
09/14/93 10.8 7.54 7.36 7.41 7.32 .21 7.64 7.54 7.37 7.21
09/16/93  10.7 7.7 7.53 7.57 7.w 7.31 7. 7.64 7.47 .34
09/21/93 3.6 7.59 7.43 7.49 7.40 7.33 7.58 7.53 7.45 7.3
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Appendix c (cont.)

p
Ave
Yeor, Temp Inflow Inflow Al A2 81 82 ClI € ©01 D2 Inflow Inflow ElI E FM FR 81 @
date

1993-199¢ Rearing Yeer

09/23/93 8.1 7.73 7.63 7.75 7.57 7.54 7.88 7.76 7.n 7.62
09/28/93  10.5 7.65 7.67 7.73 7.61 7.54 7.95 7.88 .n 7.55
09/30/93  10.3 7.88 7.43 7.50 7.38" 7.31 7.90 7.23 7.w 7.41
10705793 10.9 7.70 7.57 7.63 7.48 7.34 .n 7.67 7.5 1.35
10707793  10.5 7.713 7.43 7.53 7.37. 7.2 7.w 7.62 7.51 7.33
10812793  10.5 7.66 7.36 7.43 7.30 7.16 7.70 7.51 7.31 7.16
10814793 9.8 7.66 7.36 7.45 7.30 7.15 7.76 7.56 7.u 7.2
10819793 8.0 7.24 7.39 7.75 7.40 7.30 7.62 7.52 7.u 7.2
10/21/93 a.9 7.w 7.61 7.81 7.64 7.30 7.93 7.77 7.52 7.41
10726793 7.3 7.66 7.61 7.n 7.64 . 7.43 7.90 7.2 7.52 7.36
10/28/93 8.1 7.92 7.62 7.w 7.60 7.36 7.9¢ 7.22 7.62 7.45
11/702/93 5.7 7.24 7.52 .M 7.54 7.41 7.80 7.7% 7.52 7.40
11/704/93 5.2 7.9 7.66 7.81 7.62 7.47 7.99 7.27 7.67 7.51
11709793 4.8 7.95 7.65 .73 7.60 7.52 8.0 7.26 7.0 7.56
11711793 4.4 7.95 7.66 7.74 7.65 7.56 8.00 7.w 7.70 7.59
11/16/93 5.0 8.03 .n 1.7 1.7 7.60 8.03 7.92 .72 . 7.59
11718/93 5.5 7.9 7.69 7.74 7.0 7.62 8.00 7.93 7.5 7.60
1w 3.3 7.90 7.66 7.2 7.64 7.59 7.95 7.90 7. 7.66
11724/93 1.2° 7.66 7.9 .n 7.66 7.62 7.9 7.9 7.% 7.64
11/30/93 5.0 7.82 7.63 7.62 7.63 7.61 8.00 7.78 7.R 7.61
12/02/93 5.3 7.82 7.59 7.63 7.56 7.56 7.m 7.8 .n 7.61
12/708/93 5.7 752 7.w 7.46 7.34 . 7.18 7.m 7.61 7.2 7.09
12/14/93 53 7.23 7.65 7.75 7.63 T.44 7.66 7.w 7.42 7.30
12/16/93 4.2 7.8 7.66 7.74 7.67 7.50 7.65 7.7 7.59 T.47
01/11/9% 5.8 7.70 7.54 7.56 7.50 7.41 7.74 7.67 7.5 7.w
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Appendix c (cont.)

pi
Ave
Yeor, Temp Inflow Inflow Al A2 81 B I 2 n D2 Inflow Inflow EI 2 Kk fr al G2
date
1993-1994 Reering Yeer
0171379 4.8 7.67 T7.48 7.53 7.45 7.37 1.7 7.68 7.54 7.39
01/18/9¢ 3.8 7.M 7.50 7.43 7.53 7.45 7.n 7.69 7.58 7.u
01720796 3.9 7.73 7.61 7.65 7.56 7.49 1.7 7.3 7.64 7.5¢
01/25/9% 4.1 7.80 7.66 7.7 7.64 7.54 7.86 7.76 7.66 7.53
0172779 4.0 7.83 7.68 7.74 7.67 7.58 7.88 7.8 .n 7.61
02701796 2.3 7.80 7.2 7.72 7.69 7.62 7.59 7.80 .n 7.57
02703794 2.1 7.8 7.55 7.R 7.w 7.59 7.84 7.81 7.R 7.63
02/08/94 2.2 1.8 7.74 7.74 7.67 7.64 7.K 7.80 1.75 7.66
02/10/9% 3.6 7.88 7.w 7.81 - 1.77 7.7 7.91 7.90 7.K 7.73
02/15/94 4.2 7.K 7.76 7.n 7.76 7.w 7.98 7.92 7.80 7.67
0271779 5.4 7.m 1.76 7.n 7.76 7.w 7.98 7.92 7.80 7.67
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Total feed fed per month to experimsntal racevays
during the reering periods from 1990 to 199%.

Kg food per month per raceway

Al A2 [ 4] [ - Cl c 01 02 El €2 F1 7 61 &
1990- 1991
Septesber 652.3 657.7 374.5 378.6 6AL.1 690.5 1515.0 1565.9 T41.8 765.9 810.9 L8 730.3 759.5
October 326.8 222.3 213.2 136.8 343.6 2495 7K.3 w.5 2241 2441 359.1 379.1 318.2 376.8
Wovesber 305.0 &9.1 133.2 180.5 296.4 270.0 ©643.2 600.9 251.4 232.3 2759 295.2 270.0 295.5
Oecenber w.3 130.0 w.5 W.9 130.9 148.2 302.3 310.0 109.% 110.9 117.7 121.8 108.6 112.7
Jaruery 130.0 112.3 84.1 7.2 1259 1395 2427 239.19 1%.1 ill.8 106.8 1141 110.0 107.7
February 274.5 261.8 100.5 1.5 281.4 3D2.3 565.0 S591.4 2774 282.7 265.0 280.9 255.9 266.8
1991-1992
August 422.3 366.4 226.8 225.0 418.6 409.1 965.0 001.8 432.3 503.2 490.0 491.8 540.9 551.8
Septenber $04.5 4n.0 2a7.7 25a2 5036 S520.0 11M.S 11665 4dai.a &99.1 5495 5264 am.6 b5a7.7
October 399.5 3x.4 6.8 265.0 437.3 4245 999.5 9445 3I96.8 387.7 442.3 460.5 457.3 4195
Novesber X3.6 311.4 166.8 165.0 343.6 367.7 785.9 7T¥6.8 330.0 320.5 357.3 3.3 414.1 4145
Decesber MU3.6 223.2 132.3 138.6 242.7 2.5 511.8 506.4 211.4 203.6 2195 a .6 41.8 8.6
Jenuery "4 197.3 123.2 150.5 201.8 198.6. 424.5 426.4 19@.T7 192.3 2W.4 210.9 237.3 226.4
February 2986 278.2 1w.| 200.0 286.4 23D.D 652.7 631.8 278.6 ZM.& 266.4 2805 297.3 292.7




Al

Kg food per month per racewsy

A2 ] { 7] cl R [ )] D2 El E2 F1 F2 (] (-]
1992-1993
August 540.9 sss.0  2W.1 393.2 544.1 S™.1 1462.3 luQ.Q 613.6 618.2 636.8 3556.8 598.6 59¢.1
September 526.4 461.8 209.5 199.5 s03.6 408.2 1391.8 1439.9 577 w7.3 583.2 S5¥5.9 616.4 616.4
October 293.2 336.9 299.9 IW.l 344.1 345.5 t993.2 1958.2 w3.6 S577.7 566.8 3511.4 585.0 606.9
Novesber 247.6 235.0 135.9 135.9 &235.0 235.9 677.3 6.5 296.8 295.0 354.5 328.2 X85.5 346.2
December” 53.2 50.0 26.2 26.2 49.5 $0.9 Iw.s 151.4 8.2 60.0 64.5 8.2 56.8 59.5
Jaruary WA NA RA NA A NA MA NA NA A NA NA A NA
February 187.8 206.9 123.1 117.2 192.6 206.6 481.3 475.1 19%.6 190.8 19%.1 192.7 206.5 190.4
Nerch’ 126.6 126.6 54.1 5.0 96.4 67.3 256.8 246.4 9S.0 99.9 192.3 9.8 105.0 90.0
1993-1994""
August NA 398.6 NA 235.9 NA 365.0 NA 901.4  39%.1 NA 455.5 NA 381.8 W
Septeaber NA 451.4 A 257.3 NA 485.0 MA 1260.5 492.7 A 556.4 NA 5445 WA
October NA 375.9 MA 146.8 WA 369.5 WA 1143.2 493.6 A 485.0 M Nn.4 HA
Novesber A 152.7 MA loo.9 NA 149.1 A 330.9 102.7 WA 120.9 WA 135.5 NA
Decenber WA 112.7 WA R.7 WA 193.2 A 81 .8 101.4 WA 192.7 WA 110.0 WA
Januery NA 146.8 NA 93.6 [ "} 143.6 WA 369.9 142.3 A Isoo.0 WA 1b.9
February MA 113.6 NA 64.S NA 116.4 NA 264.5 192.3 M . 109.1 WA 119.5 WA

@ EntirSmonthnotincluded.
"Fad smounts for only half the experimental racewsys uss aveilsble.



